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PREFACE. 

The main purpose of this book is to present, in compact lorm 
for the use of the student and designer, modern American data 
from the best practice in the branch of Machine Design to which 
the work refers. The theoretical treatment of the subject has 
also been given fully ; but this has been done for completeness 
only, since that field has been covered exhaustively by able writers. 

Scientific analysis and the records of practice are both essential 
to success in the design of machine members, but neither alone is 
trustworthy. The former predicts only those stresses which pre- 
vail under normal conditions and ignores the overload, the rough 
handling, or the slight accident which the machine may meet and 
against which it should not fail. Practical data, on the other 
hand, show only the proportions which constructors have given 
in specific cases of stress and service and empirical formulas 
founded upon them may give results wide of the mark, if the 
inherent limitations of these formulae be exceeded. The problem 
of design is one whose many elements vary continually in num- 
ber, character, and magnitude, and-, for its solution, theoretical 
analysis, precedent, and the ripened judgment of the designer 
are required. 

Elsewhere acknowledgment has been made of the courtesy of 
the many officials and companies who have furnished information. 
The author's thanks are due especially to Rear Admiral George 
W. Melville, Engineer-in-Chief, U. S. Navy ; Professor Philip R. 
Alger, U. S. Navy ; Professor J. Irvin Chaffee ; Leo Morgan, Esq.; 
J. M. Allen, Esq., IJt^jden&tlie Hartford Steam Boiler Inspection 
and Insurance Company ;' C. C. Schneider, Esq., Vice President 
- the American Bridge ^Cbmp^riy;"* Messrs. William Sellers and 
Company; the Baldwin .tocomotijtf^ Works ; and the Newport 
News Shipbuilding and^fJry.-'Pppk^^ifjpany. The author desires 
^ also to express his deep indebtedness to Stevenson Taylor, Esq., 
President of Webb's Academy and Vice President of the W. and 
A. Fletcher Co., whose examination of, and additions to, the text 
have added materially to the value of this work. 

Columbia University, New York, 
io February, 1903. 
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CHAPTER I. 

SHRINKAGE AND PRESSURE JOINTS. 

Rigid connections of this character between members of a ma- 
chine or structure are of frequent application. The inner member 
of the pair to be united is made cylindrical or slightly conical in 
form ; the corresponding portion of the outer member is bored so 
that it is of the same shape, but less in diameter throughout. 
When, therefore, the latter is made to encircle the former, the re- 
sulting radial pressure, acting at the contact-surfaces, produces a 
frictional resistance to relative motion of the parts. In a Shrinkage 
Fit or joint, the outer member is expanded by heating, slipped in 
place, and held therein by the subsequent contraction in cooling. In 
& Pressure ("Press" or "Forced") Fit, the, parts are driven together 
by hydraulic pressure. Joints of the latter type are, as a rule, 
restricted to members of moderate size — crank-pins, cranks, and 
the wheels and axles of engines and cars being familiar examples. 
The shrinkage fit is applied, not only in the union of large mem- 
bers in which maximum resistance to relative motion is desired, 
as in the crank-shafts of engines of high power ; but, as well, 
in modern ordnance, where results of extreme accuracy are es- 
sential in order to obtain the desired inward pressure required to 
withstand the outward force of the gases generated in the powder- 
chamber. 

i. General Formulae. 

The final diameter of a joint made by shrinkage or pressure is 
intermediate between those of the parts before union, i. e. y the 
inner member has been compressed and the outer expanded. 
These changes and the elasticity of the metal produce a radial 
compressive stress acting upon both members at the contact-sur- 
faces and a consequent circumferential stress or " hoop-tension " 
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SHRINKAGE AND PRESSURE JOINTS. 3 

within the outer member. The latter stress is a maximum at the 
joint and decreases rapidly toward the exterior. 

i. Thin Bands. — When the outer member is thin, as a band or 
tire, and the inner is, relatively, of large diameter, the compres- 
sion of the latter is so small as, frequently, to be negligible in 
practice. The stress of the shrinkage or forcing may then be 
considered as expended wholly in the expansion of the band. 
Assume then, as in Fig. I, an incompressible hub upon which is 
shrunk such a band, the stress upon the latter being within the 
elastic limit. 
Let: 

R = original radius of interior of band ; 
R = radius of hub ; 
t — tensile unit stress within band ; 
e % = unit elongation due to t ; 

t 
E = modulus of elasticity of band-metal = - ; 

/ = unit radial pressure ; 
b = breadth (axial) of band ; 
T— thickness (radial) of band, expanded ; 
/= coefficient of friction. 
Then : 

Increase in length, interior of band = 2x{R — R ) ; 

Original length, interior of band = 27tR ; 

P P 

Elongation per unit of length — e t = — p — - ; 

Unit tensile stress = t=Ee t = E ^ — -. (i) 

This tensile stress, /, acts throughout the band, tending to re- 
sist rupture of the latter on any diametral plane, as A-B. The 
total resistance opposed thus at A and B = 

2(bx Tx t). (2) 

The unit radial pressure, /, acts outward, equally at all points 
upon the band. The latter is, therefore, virtually in the condition 
of a thin cylinder, of length b and thickness T t subjected to in- 
ternal fluid pressure. In Fig. i the vertical component of the 
pressure p is that which tends to part the band on the horizontal 
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plane A-B. For an elementary strip of the band, of length RdO, 
and of breadth b, we have : 

Radial force on elementary strip « RdO x b x / ; 

Parting force, elementary, on plane, A-B = RdO x 6 X psin 0; 

Parting force, total, on band = bpR I sin OdO = 2bpR. (3) 
Equating (2) and (3) : 

p R RR Q w 

The resistance to movement at the contact-surface is equal to the 
product of the area of that surface, the radial pressure, and the 
coefficient of friction, i. e. : 

D ft 

Resistance to slip = E • — ~ — - • 2~b7f. (5) 

2. Thick Cylinders. — The method, as above, disregards the 
compression of the inner member, assumes the stress of forcing 
or shrinkage as expended wholly in expanding the band, and con- 
siders the unit-stress within the latter as uniform throughout the 
cross-section. The inner member cannot be incompressible and, 
therefore, the circumferential stress given by (1) is greater than 
that which would exist. The method is hence applicable only 
within the limits noted. In an outer member whose walls are rel- 
atively thick, the stresses at various radial distances differ widely 
in intensity ; and, for the determination of their magnitude, recourse 
must be had to the complex formulae deduced for the investigation 
of thick, hollow cylinders, subjected to internal fluid pressure. Of 
such formulae, those founded on the method of Lame * give, with- 
out the assumptions of Barlow or Brix, the character and intensity 
of the various stresses at any point within the cylinder walls. 

Thus, consider, as in Figs. 2 and 3, a horizontal hollow cylin- 
der, open at the ends, the latter being faced off in a plane normal 
the axis. Let this cylinder be filled with fluid, which is forced 
inward by two expanding plungers A, A, the result being the 
production of a fluid pressure upon the internal surface of the 
wall. From the construction and operation it is clear that, as the 
ends are free, the cylinder will remain a cylinder under stress ; 

*Rankine, "Applied Mechanics," 1869, p. 290. Burr, "Elasticity and Resist- 
ance," etc., 1897, p. 36. Cotterill, " Applied Mechanics," 1895, p. 408. 
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that a transverse section, taken normal to the axis when at rest, 
remains thus normal under stress ; and that, on such a section, 
the resultant longitudinal stress is zero, both over the whole area 
and at every point thereof. Assume that the material is isotropic 
and that no stress, at any point, exceeds the elastic limit. 
Consider any point within the cylinder wall. Let : 

R Q and R t — inner and outer radii of cylinder ; 
* P and P x — inner and outer pressures upon cylinder ; 
t = circumferential stress at point ; 
p = radial pressure at point ; 
/= longitudinal stress = zero at point ; 
r = radius of point O. 

Then, from the deduction in § io: 



R?-R? Rf-R* '** 

P&-P& RfR^-PJ i_ 
/_ ~ R*-R 2 * Rf-R* V 



(23) 



It will be observed that the circumferential stress / varies in- 
versely as r 2 and is therefore a maximum at the cylinder-bore. 
This condition prescribes the useful limit of thickness for cylinders 
which are not under exterior compression. No such cylinder can 
be made sufficiently thick to withstand an internal pressure per 
sq. in. greater than the ultimate tensile strength per sq. in. of the 
metal, as is shown by equation (19). Since the working pressure 
of modern ordnance exceeds considerably the elastic limit in ten- 
sion of the material used, the necessity for the " built-up " system 
is apparent. With regard to formulae (23), it will be observed 
also that / may be either tensile or compressive, as the relations 
of the radii and pressures determine ; that p is always compres- 
sive; and that both p and / are "apparent" and not "true" 
stresses, since the factor of lateral contraction has not been intro- 
duced with respect to them. Considering this factor : 

True Circumferential Stress — t — \l — (— %p). (6) 

In a gun, the layer in which the breech-plug houses is under a di- 
rect longitudinal stress /, arising from the pressure upon the plug. 
This stress is a maximum at the face of the plug and diminishes 
rapidly toward the muzzle. If the apparent values of /, / and p 
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be substituted in (6), the working equation for true circumferential 
stress will be obtained, which equation is Clavarino's principal 
formula for the investigation and design of guns.* 

3. Thick Hubs. — Professor Reuleaux, in The Constructor^ gives, 
largely without deduction, certain working formulae, based upon 
those of Lame as above, which are especially applicable to the 
shrinkage or cold forcing of large machine members, such as 
cranks and wheel-hubs. Thus, consider Fig. 4, which represents a 
shaft or pin A, forced into a ring or hub B. The deduction applies, 
theoretically, to either shrinkage or forcing. The notation is : 

5 1 = radial compressive stress at r ; 

5 2 =» circumferential tensile stress at r ; 

p = unit radial pressure upon contact-surfaces = ^ ; 
E x = modulus of elasticity, inner member ; 
E 2 = modulus of elasticity, outer member ; 

r x = radius of pin before forcing ; 

r 2 = radius of hole before forcing ; 

r = radius of fit ; 

/ = length of fit ; 

8 = thickness, outer member, after forcing ; 

$ r \ — r 2 S\ 

/* = ! + -; t—^'l P-$ 

Q = maximum forcing pressure required ; 
/= coefficient of friction =0.2. 

Under the conditions shown in Fig. 4, the notation of equation (23) 
giving the value of /, when translated into that of The Constructor 
should be changed thus : 

t to 5 2 ; P to S 1 ; P x to zero ; R to r ; R x to r + d ; r remains as r. 

(a) Stresses and Allowances. — Transforming the equation for t, 
in accordance with the above : 



S,-S f 



(K) 



»\2 

+ I 



(-9'- 



(7) 



u 2 + 1 



♦Merriman, " Mechanics of Materials," 1899, p. 318. 
fSuplee's Translation, 1895, pp. 17, 18, 45-47- 
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In Fig. 4 : 

r — r 

Unit deformation (strain), inner member = — ; 

r \ 

r — r 

Unit deformation {strain), outer member = -. 

From the definition of the modulus of elasticity : 

£ = A y- and e = ~t^- (9) 

"^1 r \ ^2 T 2 

Adding : 

r i-£ + r 2-i = r i- r r (io) 

Whence : 



r 1 _E 1 S 2 + E 2 
r 2 E 2 E x -S; 



(") 



By definition and from (io) : 
From (n) and (12): 

ii + l» 

<*-^— f- (36,0* 

1- x 

5j and S 2 are mutually dependent, their relation being expressed 
by (7) and (8). In view of this and by definition : 

S x = Sj. (64, C) 

From (36, C) and (64, C) : 

The second term of each denominator is so small as to be negli- 
gible. Hence : 

* For convenience of reference, numbered formulae from The Constructor sit given 
the same numeral, with " C" added. 
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If the value of the ratio --, be assumed or known, it may be sub- 

Y 

5 
stituted in (7), thus giving that of the ratio, -£ = p, i. e. : 

If: 

8 

— = 0.500, 1. 000, 1.500, 2.000, 3.000 ; 

then 

p = 0.385, 0.600, 0.724, 0.800, 0.882. 

Since E v £ 2 and the allowable value of S 2 are known quantities, 
the values of (p and S l may be found from (38, C) by substitut- 
ing the value of p. 

(b) Forcing Pressure. — The force necessary to press a cylindrical 
pin into a hole by continuous motion may be taken as nearly pro- 
portional to the rate of progress, since that force must overcome 
a resistance which is largely due to sliding friction, and the latter 
depends upon the unit pressure on, and the area of, the surfaces 
in contact. The force will be a maximum just as the pin reaches 
the end of the hole. From Fig. 4 we have : 

Maximum Forcing Pressure = Q = 2nr x / x S x xf. (62, C) 
Radial Pressure = S l =/> = — j f . (63, C) 

(c) Resistance to Slip, either axial or rotary, is given by the value 
of Q in (62, C). 

(d) The Thickness of Hub required to withstand the bursting 
pressure corresponding with the slip resistance Q f as above, may 
be found by combining (62, 64, C\ Thus : 

0= 2nrlfS 2 x p, (13) 

in which Q is given in terms of the circumferential stress at the 
contact-surface. From (7), (13) and (64, C) : 

Q - 2T.rlfS, ■ \ -J~ t ; 

whence / <JV_ 2nr^S 2 j L Q 

\ l+ r) ~ 27trlfS 2 -Q' 
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and Thickness _8 _ \27zrlfS 2 +Q 

~Ra~dW ~?~ \27trlfS^~Q - *' (<*• C ) 

from which the required thickness 5 may be found. 

(e) Slip-resistance vs. Rotating Force. — In (66, C) Q is the resist- 
ance opposed by the fit to slipping at the contact-surfaces ; its 
leverage at the latter is r. Assuming the hub to be a part of a 
wheel or crank of effective radius R, and the external, rotating force 
at that radius to be P, we have, as the moment of the latter P x R 9 

.-.Qxr^PxR. (14) 

(/) Coefficients of Friction in Forcing and Slip. — Assuming that 
the resistance is wholly frictional, it is apparent that, for continu- 
ous forcing, the coefficient of friction for motion should be used. 
Slipping of the hub, however, must occur always from a state of 
relative rest of the members. Therefore in (13) and (66, C\ the 
coefficient for rest applies. With the high radial pressures which 
prevail, there is a marked difference between the two coefficients. 

2. Proportions of the Joint. 

Economy of material prescribes that S 2 shall be the maximum per- 
missible tensile stress. For any given fit, S 2 , E l and E 2 are therefore 
constants, while the radius r is fixed by other considerations and the 
length / is known approximately or accurately. The total grip Q 
required would determine by (66, C) the value of the thickness d, 
if the coefficient / were known ; but experiments indicate that the 
value of this coefficient, as given ordinarily for the friction of motion 
between the clean metallic surfaces considered, is not a safe measure 
of the resistance of shrinkage and pressure fits, the latter especially. 
Such investigation, however, -with regard to the value of /in these 
fits, has been limited. In determining 8, therefore, there should be 
used, preferably, formulae which do not include this coefficient. 

From (38, C) we have : 

Total allowance / 1 p \ 

DiametVr = 5 * \E 2 + EJ ^ 5 ) 

In the right-hand member all quantities are known except p. 
From (7) and (64, C) it will be seen that, with increased thick- 
ness, p becomes larger. Therefore, if, with the same diameter 
and metals, the hub be made thicker, the total allowance, the 
radial pressure, and the grip per unit of surface may be increased. 
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Again, consider two hubs, one of steel, the other of cast iron, 
both on the same steel shaft, with p and, therefore, 8 the same in 
each case. In the former, as compared with the latter, the cir- 
cumferential stress S 2 , the radial stress S v and the unit grip pres- 
sure may be larger and the allowance may be increased, although 
not proportionately. Therefore, to obtain the same grip in both 
cases there should be, as shown by (15), a decrease in the value 
of d t p t and the allowance with the steel hub. 

1 . Allowance. — With regard to the relative values of shrinkage 
and forcing in producing grip, the meager experiments available 
indicate that, with equal allowances, fits of the former type are the 
more effective in resisting both torsional and axial stresses. This 
permits, apparently, for the same unit grip, a decreased allowance 
in shrinkage. The differences in grip lie, doubtless, in the methods 
of making the two joints. In shrinkage, there is, in cooling, sim- 
ultaneous contact over the entire area of clean metallic surfaces, 
without relative axial movement of the latter except that due to 
contraction, while, in a pressure fit, surfaces lubricated originally 
to a greater or less extent, are not only abraded, but the passage 
of the inner member produces a longitudinal stress within the in- 
ner layers of the hub. 

If, in (15), the quantities in the right-hand member be kept 
constant, there will be, for the same radial pressure and grip, a 
uniform allowance per inch of diameter for shrinkage or forcing. 
This uniformity, while by no means universal, is the practice of 
many large companies, a frequent allowance for steel being one 
one-thousandth of an inch (0.00 1 in.) per inch of diameter. Since 
the value of p depends upon that of the thickness, there must be 
also with increasing diameter a proportionate growth in thickness. 
When, as in Table IV., there is a decreasing unit-allowance with 
increased diameter, there will be lessened grip, which reduction 
must be met by an augmented length of hub. In any case, with 
diameters of 2 inches and upward, keys should be fitted, between 
the shaft and hub as an assurance against slip. 

2. Length. — Let P x R = driving moment, ^ = polar modu- 
lus of section, S s = maximum shearing stress. Then, for a solid, 
cylindrical shaft of diameter, d : 

T nd* 

i>xi? = ^x£ = S,x 7 g. (16) 
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From (62, C) : 

Qxr^xdSJlx-. (17) 

Taking S 9 and S x as constant and equating (16) and (17) : 

l=Kd 9 (18) 

where -AT is a constant. Therefore, with a constant radial stress, the 
hub-length should vary as the diameter, in order to make the grip 
equal to the full strength of the shaft in torsion. 

3. Thickness. — Let Fig. 5 represent the transverse section of 
a closed, hollow cylinder (of inner and outer radii R and R x ), 
initially unstressed but subjected to the internal radial pressure 
P . For these conditions, equation (23) for the stress t at radius 
R becomes : 

Zi^Jt + T. / I9) 

r vt=p; {l9) 

from which it appears that, if / = P = ultimate tensile strength, 
R x becomes infinite, i. e. f no thickness whatever will prevent rup- 
ture. Further, from (64, C), P = t x p, and, as />, in an initially 
unstressed cylinder, is always less than unity, the ultimate tensile 
stress t, as above, will be reached before P Q attains the same in- 
tensity. 

Again, for one side : 

Area of Load Diagram 0-d-e-f=s PqR ; 

tdr = PqRq, 

in which r == radius of any point within the wall and / = tensile 
stress at that point, as given by (23). It is apparent, therefore, that, 
for any given values of P , R , and the ultimate tensile strength, there 
is but one value of R x which will satisfy the equality of the areas, as 
above, which value may be found from (19) by taking t at, or 
within, the elastic limit, making P < /, and solving for R v With 
regard only to adequate strength, no useful purpose will be served 
by increasing the value of R x thus obtained. Finally, by substi- 

p 
tuting p = y and S x = P in (38, C), there will be obtained the 

total allowance for the prescribed diameter. 
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4. Form. — With regard to the form of the contact-surfaces, a 
slightly tapering hole and corresponding inner member have ad- 
vantages over the plain cylindrical shape, in that, with the latter, 
the entrance of the hole must withstand the strain of abrading 
and compressing the pin or shaft throughout the length of the fit. 
The tapered member, on the contrary, enters without contact for a 
considerable distance and is thus well guided ; the compression, 
upon engagement, is distributed over a greater area ; the parts are 
separated readily when a renewal, of the fit is desired ; and the 
drawings may be marked : "Fit pin — inches from the end of the 
hole," which is the most trustworthy way of measuring the allow- 
ance. The disadvantage of this form lies in the difficulty of secur- 
ing, with the accuracy required, the same taper in both members. 



3. Metals. 

From (9) it will be seen that the radial stress of the inner mem- 
ber and the circumferential stress within the outer, depend directly 
upon the modulus of elasticity E of each material so stressed. 
This follows since E is a measure of the stiffness of a metal, i. e. t 
the stiffer the latter, the less will be the deformation (strain) under 
a given stress and the larger the modulus. The following are 
general values : 

Elastic Limit. 

Cast Iron, Wrought Iron. Steel 

Tension 6,000 25,000 50,000 

Compression 20,000 25,000 50,000 

Modulus of Elasticity. 

Cast Iron. Wrought Iron. Steel. 

Tension 15,000,000 25,000,000 30,000,000 

Compression 15,000,000 25,000,000 30,000,000 

The circumferential stress of the outer member is the important 
element, especially when that member is of cast iron, a metal which 
has, in tension, a very low elastic limit, as compared with that, in 
compression, of the steel or wrought iron of the inner member. 
Cast iron is also, in tension especially, a very uncertain metal, 
owing to differences in composition, in the size and form of the 
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casting, and in the intensity of the original shrinkage strains. 
Professor J. B. Johnson gives E for cast iron as varying from — 

" 10,000,000 to 30,000,000 ; but, for ordinary foundry iron, it may be taken at from 
12,000,000 to 15,000,000. * * * The modulus of cast iron is approximately the same 
in tension, compression and cross-bending." * 

Professor Burr, in commenting upon certain tensile tests of cast 
iron, says : 

" The metal is seen to be very irregular and unreliable in its elastic behavior. A 
large portion of the material can scarcely be said to have an elastic limit, although no 
apparent permanent set takes place under a considerable intensity of stress. In other 
words, although perhaps all tested specimens resume their original shape and dimen- 
sions for small intensities of stress, yet the ratio between stress and strain is seldom 
constant for essentially any range of stress." f 



4. Forcing Pressures. 

The pressure required, at any given time during the process, of 
making the joint, depends, approximately, upon the radial stress, 
the character and area of the surfaces in contact, and the coeffi- 
cient of friction. 

1. Character of Surfaces. — This will vary with different 
metals and with the standard of workmanship. If the surfaces are 
smooth but not accurately of the same form, the radial and forcing 
pressures will be irregular in intensity. With rough surfaces the 
frictional resistance will be increased ; and, in extreme cases, longi- 
tudinal cutting, uneven bearing, and lessened grip may follow. 

2. Coefficients of Friction. — In a pressure fit there is not 
only surface abrasion but the material of the outer member must 
be forced aside by the forward part of the advancing inner mem- 
ber ; and, if the elastic limit of the softer metal be exceeded, some 
flow of the latter occurs. The resistance is not, therefore, purely 
frictional and the usual coefficients of friction do not give an ac- 
curate measure of its amount. In discussing shrinkage and pres- 
sure fits, Reuleaux takes /= 0.2 which is the value used by Weis- 
bach for the usual metals in a dry state. The results of experiments 
presented in Table I. show, as a rule, much lower values of/ 
than that quoted above. On the other hand, Rennie, from ex- 
periments upon solids usually unlubricated, gives, for pressures 

* " Materials of Construction,' ' 1898, p. 476. 

f " Elasticity and Resistance of Materials of Engineering," 1897, p. 279. 



14 MACHINE DESIGN. 

per sq. in. ranging from i86f to 560 lbs., results, for the coeffi- 
cient of rest, as follows : * 

Wrought iron on wrought iron, /= 0.25 to 0.41 ; 

Wrought iron on cast iron, /= 0.28 to 0.37 ; 

Steel on cast iron, /= 0.30 to 0.36. 

Abrasion occurred in the first case at 672 lbs. pressure ; and, in the 
latter case, at 784 lbs. Broomall f gives, for static friction, as above : 

Cast iron on cast iron, dry, /= 0.3114 ; 

Steel on cast iron, dry, /= 0.2303 ; 

Steel on steel, dry, /= 0.4408. 

Since the value of the coefficient is affected by conditions as to 
motion and rest, temperature, lubrication, and speed of rubbing, 
reported results vary considerably. Both shrinkage and forced 
fits have higher radial pressures than those which prevail in the 
usual friction tests ; the resistance in forming a pressure fit is not 
purely frictional ; the force required to break such a joint may 
be less than that of making, if the elastic limit has been exceeded ; 
and pressure fits may be lubricated only to the extent of wiping 
the surface with oiled waste, although a lubricant of white-lead 
and oil, mixed to the consistency of paint, is frequently used to 
prevent cutting. In view of these conditions the application to 
these joints of the usual coefficients for unlubricated metals, is 
inadvisable. 

5. Shrinkage Temperatures. 

Let esa unit diametral or circumferential deformation ; a = coeffi- 
cient of linear expansion for a change of one degree F.; /= number 
of degrees of change. Assume an outer member of steel with an 
allowance of 0.001 in. per inch of diameter of fit. Then (Fig. 4): 

,«^=^ = «x/; t= e -. (20) 



Substituting : 



_ O.OOI _ 

~~ 0.0000065 ~~ 54 •' 



1. e. 9 a raise in temperature of this amount would give the mem- 
bers the same diameter. The usual shrinkage-temperature of 
wrought iron and steel is about 6oo°, the increase providing for 
greater allowance, for clearance in assembling, or for both. The 
value of a for cast iron is 0.0000062 per degree F. 

♦Thurston, "Friction and Lost Work," 1898, p. 215. 
f Lineham, " Mechanical Engineering," 1898, p. 868. 
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6. Shrinkage vs. Pressure Fits. 

Table I. gives the results of comparative tests made under the 
supervision of Professor Wilmore * upon cast-iron discs which 
were either forced or shrunk upon steel spindles, the latter being 
pulled from the discs in the " tension " tests or twisted in the holes 
in measuring the grip in torsion. 

Table I. 



No. 


Fit. 


Test. 


Q 


* 


Si 


s* 


/ 


I 


P 


Tension 


1,000 


O.OOI 


9,700 


IO,Il6 


0.033 


2 


S 


a 


5,320 


a 


ii 


<< 


O.I70 


3 


s 


ft 


5.820 


it 


a 


a 


O.I9O 


4 


s 


Torsion 


2,206 


ii 


a 


a 


0.072 


5 


p 


Tension 


2,150 


0.0015 


14,516 


15,275 


O.O47 


6 


p 


Torsion 


2,200 


ii 


«< 


a 


O.O48 


7 


p 


a 


2,800 


a 


tt 


a 


O.06I 


9 


s 


<< 


9,800 


a 


a 


a 


0.2IO 


IO 


p 


Tension 


2,570 


0.002 


19,355 


20,366 


O.O42 


ii 


s 


tt 


7,5oo 


<( 


" 


<( 


O.I20 


12 


s 


a 


8,100 


it 


a 


tt 


O.I30 


13 


p 


Torsion 


4,200 


a 


a 


'i 


O.069 


14 


p 


Tension 


4,000 


O.OO25 


24,194 


25,458 


O.O53 


15 


s 


<< 


9,34o 


a 


a 


a 


O.I20 


16 


s 


a 


9,710 


a 


a 


it 


O.I30 


17 


p 


Torsion 


4,600 


ti 


a 


it 


O.06I 


18 


s 


a 


13,800 


ti 


a 


tt 


O.I9O 


19 


s 


tt 


17.000 


O.OO3 


29,O0O 


30,550 


O.I9O 



The discs were 6 in. in diameter and 1 in. thick, with, on one 
side, a boss 2 in. in diameter, projecting \ in., giving a bore 1^ 
in. long and 1 in. in diameter. The spindles of machinery steel 
were 1^ in. in diameter, turned at the contact-surface to 1 in. 
plus allowance for a length of 1^ in., which length was reduced 
by a taper at the extremity and a shallow groove at the top, each 
\ in. long, making the bearing surface 1 in. in length. 

The number of spindles tested was 19. The diameter of the 
various sets differed by 5 ten-thousandths of an inch, the finished 
dimensions being 1.001 in., 1.0015 in., 1.002 in., 1.0025 in. and 
1.003 m - The pressure fits were made without lubrication, other 
than that from wiping the surfaces with oiled waste. The spindles 
and holes were found to be in good condition after the tests. The 
maximum force required to move each spindle is given as Q in the 
table. After movement had occurred, a less force was required 
to continue it or begin it anew. Columns Nos. 1 to 5, inclusive, 

* American Machinist, Feb. 16, 1899. 
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of the table were taken from the data of the tests ; the values in 
the remaining columns were computed from formulae (15), (38, C) t 
(62, C) and (64, C). 

Accuracy in calculating the intensities of the stresses 5 t and S 2 , 
and the coefficient /, is to some extent prevented by the boss, 
groove, and taper described above. The approximation given 
should be, however, sufficiently close for service. The value of 

3 2.5 

- was made = — = 5, whence /> = 0.946. Since both the length 

and diameter of the contact surface = 1 in., ^ = allowance in each 
case. The coefficients E x and E v were taken as 30,000,000 and 
15,000,000 respectively. Shrinkage and pressure fits are marked 
respectively " S" and " P" in the second column of the table. 

The calculated results show very low coefficients of resistance 
and very high circumferential stresses. Since the ultimate tensile 
strength of cast-iron ranges between 15,000 and 35,000 lbs. per 
sq. in. and the discs were of good quality, rupture of the inner 
layer of the bore did not occur ; but the elastic limit, in the ma- 
jority of the tests, was exceeded. The superiority of the shrinkage 
fit is marked, as is also that of both types in torsion. Excluding tests 
Nos. 4 and 8, the results give average ratios of strength, as follows : 

Tension: Shrinkage to Pressure = 3.66; 
Torsion: Shrinkage to Pressure =3.20; 
Shrinkage: Torsion to Tension = 1.50; 
Pressure : Torsion to Tension = 1.30. 

7. Stationary Engines : Data from Practice. 

Prevailing practice, with regard to diametral allowances in 
shrinkage and forced fits and the pressures required for the latter, 
varies considerably, owing to differences in the sizes of the mem- 
bers, the qualities of the metals, the workmanship upon, and lubri- 
cation of, the contact-surfaces, etc. There are given below, in tabular 
form, through the courtesy of leading manufacturers of stationary 
engines and similar machinery, records of allowances as follows : 

Table II., the Lane and Bodley Company ; Table III., the 
Russell Engine Company ; Table IV., a prominent stationary en- 
gine building company ; Table V., the Buffalo Forge Company; 
Table VI., the B. F. Sturtevant Company ; Table VII., summary 
of Tables II. to VI. 
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Table II.* 



6 

55 


| 

D 

si 


i_ + 

Q— ■ 


1 
is i 

2 


a 

5 


h 
p 

5 


-0 
g 

5 a 1 

i 


58 

6 - = 

9 : - 




pi 


if 

fi 


t 


1.879s 


6.125 


1.S767 


.C031 


.0017 


3f 


16,7 


2 


10 


20 


2 


1.SS19 


6.12S 


1877 


,0042 


,0022 


36 


16.7 


2 


IS 


23 


i 


1 S774 


4 375 


1.8764 


,001 


.00052 


24.4 


13 7 


# 


1 


1 


4 


2.7455 


4*5 


2*7387 


.0068 


.00247 


387 


26.5 


3 


12 


as 


! 


2.7465 


4-5 


^7437 


.0028 


.001 


3*-7 


26.5 




12 


23 


3.261 


5 


3*2542 


.0068 


,0021 


5' 


41 5 




20 


45 


7 


3,2625 


5 


3-2555 


.007 


,ooz 


51 


41.5 




15 


3° 


3 


3- 26 7 


5 


3.261 


,006 


.0018 


Si 


4i*5 




15 


20 


9 


4.2505 


6 


4. 2402 


.0103 


.0024 


79- 8 


85-1 




22 


44 


10 


4.23S8 


6.625 


4.2478 


,0091 


,0021 


78,1 


93-4 


12 


30 


60 


11 


4 ZJ03 


6-5 


4,2224 


,C079 


.0019 


95-8 


91 


10 


60 


125 


12 


5«9343 


4,0625 


5,9216 


,0127 


,0022 


75-7 


112.2 


6 


16 


25 


*3 


5-938" 


4 


5-9252 


.0129 


.0022 


74*4 


110.4 


3 


18 


35 


14 


5.9^94 


4I2S 


5.9194 


.01 


T OOI7 


76.7 


113-S 


I 


15 


25 


15 


6.8829 


5 -1 25 


6.8697 


.0132 


.002 


1 10.7 


190.1 


20 


42 


16 


6,889 


5 


6.87S5 


.0105 


.OOI5 


108 


I8JS.9 


5 


22 


45 


17 


6.8692 


4.875 


6.855 


.0142 


.0O2I 


104.8 


180.4 


5 


35 


6S 


18 


7.8884 


5-5 


7S73 


,0154 


,C02 


135*9 


267.3 


5 


32 


64 


19 


7*37*5 


6.5 


7 8575 


.014 


.OOl8 


160.5 


315-9 


5 


25 


50 


20 


7.862 


5.625 


7.846 


,016 


.002 


138,2 


272.8 


8 


40 


80 


21 


8,924 


6.125 


S.qoS 


.019 


.O02I 


170.8 


378.9 


20 


45 


68 


22 


8.9 


6-75 


8.8848 


,0152 


,0017 


188,4 


419.9 


5 


47 


96 


23 


8,878 


6,5 


8.8669 


.0112 


.OOI3 


1 So. 7 


401 


10 


45 


92 



Table III.* 
Cast-Iron Cranks. 



Diameter, 
In. 



4 ' 

5 

V/z 

10 

12 

16 



5 

9 
12 
16 
18 



Total Allowance, In. 



Shrinkage. 


Pressure. 


O.O045 


O.OC90 


O.OO30 


O.O060 


O.OO27 


O.OO55 


O.OO25 


O.OO50 


0.0020 


O.OO4O 


O.OOI5 


O.OO3O 



The practice of the B. F. Sturtevant Company is as follows : 

(a) Shaft couplings are bored 0.003 in. less than the shaft. The forcing pres- 
sure ranges from 6 tons for a 2^-in. shaft to 12 tons for a 5-in. shaft. 

(b) Crank-pins for cast-steel crank-plates are turned 0.005 m - large. The forc- 
ing pressure ranges from 25 to 28 tons for a 5-in. pin to 10-15 t° ns for small pins. 

(c) Crank-pins for cast-iron crank-plates are turned 0.009 m « too. ox I in. large. 
The forcing pressure is as in (/>). 

(d) Cast-iron Counter-balance Plates shrunk on Steel Crank- Discs. For diameters 
of 9 in. to II in., the total allowance is 0.007 in. With increased diameters, this 
allowance decreases, i. e., for 13-in. diameter, total allowance = 0.006 in. 

* Machinery, May, 1897. 
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Table IV. 




u 


Allowance. In. of Diam. 


(B) 


Diam., Shaft, In. 


Diam., Shaft, In. 


Allowance, In. of Diam. 


4 


O.OO3 


12 


O.OOI 


5 


O.CO24 


13 


O.OOO9 


6 


0.002 


15 


O.OOO8 


7 


O.OOI7 


17 


O.OOO7 


8 


O.OOI5 


18 


O.OO06 


9 


O.OOI35 


19 


O.OOO55 


IO 


O.OOI3 


22 


O.OOO4 


ii 


O.OOI2 


23 


O.OOO35 


12 


O.OII 


24 


O.OOO3 


13 


O.OOI 


26 


O.OOO25 


14 


O.OOI 


27 


0.0002 


15 


O.OOI 






16 


O.OOO9 






18 


OOOO8 






20 


O.OOO75 







(A) Steel shaft and pin to cast-iron cranks. Average pressure required =12.5 
tons (2,000 lbs ) per in. of diam. 

(B) Steel shaft to cast-iron wheel hubs. Average pressure required = 10 tons 
(2,000 lbs.) per in. of diam. 

Table V. 



Pressure Fits. 


Shrinkage Fits. 


Diam., In. 


Total Allowance, In. 


Diam., In. 


Total Allowance, In. 


1 to 2 

2 " 3 

3 " 5 

5 " 7 

7 " 10 

10 " 12 


O.OOI 
0.002 
O.OO3 
O.OO5 
O.OO8 
O.OIO 


1 to 2 

2 " 4 
4 " 6 
6 " 9 

9 " 12 
12 " 18 


O.OO9 

O.OIO 

1/64 = .OI56 
3/128 = .0234 
I/32 =.0313 
3/64 =.0469 



From the practice of the B. F. Sturtevant Company, with regard 
to crank-plates and discs, we have : 

Table VI. 



Metal. 


Diameter. 


Allowance Per Inch. 


Type. 


Cast steel. 
" iron. 
tt «< 


5 in. 

5 " 
11 " 

13 " 


O.OOIOO in. 
O.OO20O " 
O.OO064 4i 
O.OOO46 " 


Pressure. 
<< 

Shrinkage. 

u 



In Table II. the outer member of No. 1 1 was a crank-disc of 
cast steel, which, with less allowance, required twice the maximum 
forcing pressure used with No. 10. In about 75 per cent, of the 
fits, the maximum pressure was twice that at mid-position. The 
allowance for shrinkage in Table II. is one-half that for pressure 
(§ 2, Allowance), and, in both types, the unit-allowance decreases 
with increased diameter. The latter is true also of the fits re- 
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Table VII. 
Summary. 





Diameter, 


Total Allowance, In. 


Members. 




In. 


Shrinkage. 


Pressure. 




Table II. 


I.8798 




O.OO3I 


Shaft, steel ; hub, cast iron. 


<< << 


4.2505 




O.OIO3 


tt tt tt tt a 


K << 


8.9000 




O.OI52 


tt a a a a 


" III. 


4 to 5 


O.OO45 


O.OO9O 


Crank, cast iron. 


<< « 


7.5 " 9 


O.OO27 


O.OO55 


a it tt 


tt «t 


16 " 18 


O.OOI5 


O.OO3O 


ti a a 


" IV. 


4 




O.OI20 


" " " shaft, steel. 


«< (< 


8 




O.OI20 


tt ti a a a 


<C (C 


16 




O.OI44 


tt tt a tt it 


" V. 


I " 2 


O.OOOO 


O.OOIO 




it ti 


4 " 6 


O.OI56 






it it 


5 " 7 




0.0050 




it ti 


9 " 12 


O.0313 






a it 


10 " 12 




O.OIOO 




" VI. 


5 




0.0050 


Shaft,steel; crank,caststeel. 


it a 


5 




O.OIOO 


" " •' " iron. 


a tt 


11 


O.OO7O 1 
O.OOOO J 




Cast-iron counter-balance 


a tt 


13 




plates on steel crank discs. 



corded in Table IV., in which, further, the allowance differs with the 
outer member, being less for a wheel hub than for a crank, owing 
doubtless to a difference in the thickness of the metal surrounding 
the shaft. The allowance and length of hub are so proportioned 
that the forcing pressure per inch of diameter is about uniform 
throughout the range of each type. In Table V., the allowances for 
pressure fits are practically uniform per inch of diameter, while those 
for shrinkage fits decrease with increased diameter. The latter 
also exceed considerably the corresponding pressure-allowances. 
Table VI. gives double the allowance for cast iron as compared 
with steel and a decreasing allowance with increased diameter. 



8. Marine Engines : Data from Practice. 

In marine practice, shrinkage fits are used in assembling " built- 
up " crank-shafts and in securing the bronze casing of propeller- 
shafts. Pressure fits are employed occasionally with crank-shafts 
and frequently with smaller work. With regard to shafts, ,Mr. 
H. F. J. Porter says : 

" In the built-up type, the various parts are small and can be carefully worked, 
and, if necessary, bored and oil-tempered. The physical properties of the metal can, 
therefore, be raised to the highest possible limit The forcing or shrinking process, 
however, always puts a strain on the metal which will act as an initial load, approach- 
ing possibly close up to the elastic limit. In the solid type, on the contrary, a very 
large ingot would be required ; and, as such a crooked forging cannot always be oil- 
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tempered with safety, the physical properties of the metal cannot usually be raised by 
heat-treatment. The metal, however, can be relieved of all strains by annealing ; and, 
if properly designed, should work satisfactorily against externally applied stresses for a 
very long time." * 

When it is possible to make the crank-shaft in sections of 
moderate length, interchangeable or otherwise, each section con- 
taining one or more pairs of cranks, these sections may be forged, 
each from a single ingot, bored and oil -tempered, thus obtaining high 
physical characteristics without the initial stresses due to building up. 
The necessity for casing the after, or propeller, section of a 
marine shaft with non-corrodible material lies in the exposure of 
that section to the action of sea-water, both in the " stern-tube " 
and, sometimes, beyond the latter when the shaft extends through 
the water to the strut-bearing and propeller. Within the tube the 
bearings are of lignum vitae and the lubricant is, as a rule, sea- 
water, the forward end of the tube being closed by a stuffing box. 
To prevent corrosion the practice, for years, has been (Fig. 6, a, 
b) to encase the after section of the shaft in a bronze sleeve, made 
in short (3-ft.) lengths, shrunk on, with lapped and recessed joints, 
the latter being sealed on the outside with soft solder. Since the 

torsion of the shaft tends to 
loosen the casing, the latter is 
secured further by pins or tap- 
rivets. The casing should be 
recessed within the propeller-hub 
and should make an absolutely 
water-tight joint with the latter. 
As a rule, a protecting ring of 
zinc is fitted also as an additional 
precaution against galvanic action 
between the casing and shaft. A 
less usual practice than the use 
of the bronze sleeve, as above, is to leave the shaft uncovered, to fit 
a gland at the after end of the stern-tube and to keep the latter 
filled with oil or tallow. In U. S. Protected Cruisers, Nos. 20 to 22, 
the diameter of the propeller-shaft is 18 in. and the casing thick- 
nesses are 1 in. at forward and 1 fa in. at after bearing, \ in. at the 
laps (1 in. long), and f in. elsewhere. The following data are 
given through the courtesy of leading builders of marine work. 




'Fatigue of Metal,' ' etc., Jour. Franklin Institute, Dec, 1897. 
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I. The practice of the Midvale Steel Company, Philadelphia, 
Pa,, is as follows : 

(a) Shaft Casings. — A new stern-tube shaft for the American 
Liner New York was made recently at these works. It was 40 
ft long, 20^ in. diameter, and was cased partially with two bronze 
sleeves, each 8 ft long, fitted by shrinkage, the total allowance 
for the latter bring 0.013 in. = 0.000634 in. per inch of diameter. 
To secure uniform expansion, the casing was set vertically and 
heated internally by gas, the latter issuing from a pipe a little 
longer than the sleeve, inserted within the latter, and perforated for 
the flow. When the bore as gauged showed sufficient expansion for 
a free fit, the sleeve was slipped in place, held firmly at one end, and 
cooled by water at the latter until contraction and grip occurred. 

(b) Crank-shafts. — An allowance of 0.00 1 in. per inch of diam- 
eter is made for steel. The method of building up is shown in 
Figs. 7 to 16, inclusive. The crank-pin is finish -machined and a 
cross-piece (Fig. 9), for guiding it when inserted, is secured by 
screws at one end. The holes in the crank-webs for pin and shaft 
are bored in a vertical machine to within *^ in. of finished diameter, 
the tool (Fig. 7) being circumferential and two-bladed. If the web 
is less than 7 in. thick, the cut is made from one side in one setting; 
otherwise, it is run half way through from each face. Then the 
two webs which form a pair are bolted to a portable surface-plate 
(Fig. 8), the latter is set on a horizontal machine, and the holes are 
bored to the diameter of the pin, less the shrinkage-allowance. 
The setting on the plate, with regard to parallelism and distance, 
is that required for the pin when the latter is in place. 

The webs are then heated in a sheet-iron furnace (Fig. 10), pro- 
vided with a burner of perforated gas-pipe (Fig. 11), sliding doors, 
and covered holes for occasional measurement of the bores by a 
gauge (Fig. 1 2) made to the exact diameter of the pin, the gauge 
being cooled in water after each test. When the expansion is 
sufficient for a free fit, the webs are removed from the furnace and 
the pin is pushed home, being guided by the cross-piece so that 
the key-ways come flush, the latter being ensured by a loose false 
key (Fig. 1 3) which is inserted as soon as the pin enters the web. 
The pin is slung from a crane-hook, the sling being shifted, if the 
pin is solid, when the latter has traversed one hole. If the pin is 
hollow, it rides on a heavy gas-pipe, passing through the bores 
and suspended by slings at the ends. 
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The webs and pin are cooled with water, the false key is taken 
out, and the permanent key driven home. The construction is 
then removed from the surface-plate and set in a horizontal machine, 
where the holes for the shaft are bored to the finished diameter, 
less shrinkage-allowance. The webs are then set with the bores 
vertical and one is heated as before. When the furnace is re- 
moved, a planed plate (Fig. 14) is placed under the heated web, a 
paper liner — which does not project into the bore — is laid between, 
and the plate is forced against the web by three or four screw-jacks. 
The shaft is then slung vertically over the bore and lowered until 
it meets the plate, the downward projection due to the liner being 
sufficient to make the end of the shaft and the face of the web 
flush, when cooled by water. False and permanent keys are fitted, 
as with the pin. While lowering, the shaft is guided by a wooden 
frame (Fig. 1 5). 

The remaining portion of the shaft is then shrunk into the other 
web ; the completed section is set in a lathe ; the shaft and pin are 
tested for parallelism ; and the centers of the shaft are drawn to cor- 
rect any error. The section is then finish-machined and joined 
by shrinkage with others. The entire shaft is then placed in a line 
of V-blocks (Fig. 16), accurately set on a bed, for the final tests 
in calipering, parallelism of center-lines, faces of webs and coup- 
lings, and to determine whether the two latter are square with 
the center-lines. Any errors detected are corrected by hand- 
work. 

2. Examples of the practice of the Union Iron Works, San 
Francisco, Cal., are given in Table VIII. 

Table VIII. 



Members. 



Steel Crank to Steel Shaft. 
Wro't-iron Crank to Wro't-iron Shaft. 
Cast-iron Crank to (hard) Steel Shaft. 

tt it «< tt (soft) " << 

Wheel Hub (C. I. hard) " " \ 
Length of Fit, 36-in.; Mean Dia'r. J 
As above ; hub of soft cast iron. 
Cylinder-liner, cast iron, hard.* 1 
In Cylinder " " medium, j 

As above. 



Diam. Ins. 


Total Allowance. 


Shrinkage. 


Pressure. 


14 


O.OI5625 


O.OO938 


8 
8 
8 


O.OI25 


O.OO7 

O.OO938 

O.OO938 


17-63/64 




O.OO3125 
O.OO3125 


80 




0.02T9 


60 




O.OI5625 


30 




O.OI25 



Forcing Pres- 
sure, Tons. 



IOO to 150 
80 " IOO 
80 
20 

80 

30 

40 to 60 



* Pressure fits now discontinued. 
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3. The practice of the New York Shipbuilding Company, 
Camden, N. J., is as follows : 

(a) Allowances. — These, in shrinkage or pressure fits in iron or 
steel, are one one -thousandth of an inch (0.001 in.) per inch of 
diameter of fit, plus one one-thousandth of an inch (0.00 1 in.). 
Thus, on a 2-in. diameter, the allowance is 0.003 in.; on a 10-in. 
fit, 0.0 1 1 in., etc. 

(6) Form. — With large fits, both the inner and outer members 
have a taper of -^ in. to the foot, the allowances being as above, 
If the conditions are such that it is more convenient to ream the hole 
with standard parallel reamers, the inner member is tapered one half 
thousandth of an inch (0.0005 in.) per inch of length, unless the fit 
is so long that this taper would reduce the allowance at the small 
end to less than one half that at the other extremity of the joint. 

(c) Drive Fits. — For these, the allowance is one half that for 
shrinkage or pressure joints. 

(d) Shaft- Casings. — The allowance is one half that for a shrink- 
age fit on heavy work. 

4. The Harlan and Hollingsworth Company, Wilmington, Del., 
give, in built-up shafts, a shrinkage allowance of one one-thou- 
sandth of an inch (0.00 1 in.) per inch of diameter; and, in shaft- 
casings, one half of this amount, /. e. f 0.0005 in. 

9. Railway Work: Data from Practice, 

In railway work pressure fits are used in securing wheels to 
axles and crank-pins to driving wheels while the tires of the lat- 
ter are shrunk in place. A pair of drivers consists of the axle of 
wrought iron or steel, the wheel-centers of cast iron, the tires of 



Table IX. 





Total Allowance 


, Tire, In. 


Diameter, Wheel Center, In. 






A 




B 


38 


O.040 




0.0312=1/32 


4* 


O.O47 




O.0469 = 3/64 


50 


O.053 




0.0625 = i/16 


56 


O.060 




0.0625 = 1/16 


62 


O.066 




0.0781 = 5/64 


66 


O.070 




0.0781 = 5/64 



steel, and the crank-pins of the latter metal. In assembling these 
parts, the wheel-centers are first driven on the axles and keyed. 
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The tires are then shrunk on, the holes bored for the crank-pins 
and the latter pressed in. Finally, the tires are turned to die fin- 
ished size. 

i. Tires. — In 1S86-7 the American Railway's Master Me- 
chanics' Association recommended and adopted the diameters and 
allowances printed, through the courtesy of that Association, in 
the first and second columns of Table IX. These allowances 
have not met universal use ; and, in column B the practice of a 
prominent road, for the same diameters, is presented. The fit is 
cylindrical between the wheel-center and the tire. The latter is 
heated usually by gas-jets set about its circumference ; and, when 
.mded, is placed on the wheel-center and allowed to cool. 
Tires thus secured resist the lateral thrust and rolling; action until 
they are worn considerably, when they may become loose and 
require liners or refitting. 

2, Wheel-Fits,— The joint is cylindrical. The pressure re- 
quired for mounting the wheel is usually 9 to 10 tons per inch of di- 
ameter of fit ; for removal, the total pressure may be 100 to 150 
tons, depending on the condition of the joint as to rust, etc. The 



Fto, 17. 






mechanism used in these operations is shown by Figs. 17 and i8 f 
which represent the 400-ton wheel -press made by, and illustrated 
herein through, the courtesy of the Niles Tool Works Company, 
Hamilton, Ohio. 

The press consists essentially of a hydraulic ram ; a resistance 
head, or abutment, sliding on tension-bars to which it may be 
keyed at the required distance from the rani-head ; and supporting 
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hooks for the axle, depending from the upper bar. The resistance- 
head has a central bearing for the axle, to enable the latter to lie in 
the line of pressure. In mounting wheels, the axle, with each wheel 
started on its fit, is hoisted into the hooks and resistance-head, and 
the ram, acting on the hub next to it, drives both wheels home. 
In dismounting, the resistance-head is moved nearer to the ram, 
the stop-block shown in the head is removed, and the axle is laid 
within the latter. The ram then engages the axle and forces it 
out of the wheel, after which the axle is reversed and the remain- 
ing wheel removed in a similar way. 





Jto r pm SrJBtO 



jUtrt9» Jtr Jhfl. 



Fig. 18. 



The ram R is a solid iron casting, provided, at the rear, with 
cupped leather packing. The cylinder is of strong and dense cast 
iron, lined with \ in. copper, the latter being spun into place 
and beaded over the counterbore. Water from the pumps en- 
ters at d ; a release-valve /, operated by a hand-wheel, permits 
the fluid to escape, when desired, into the tank ; a safety-valve, e y 
limits the pressure to 6,000 lbs. per sq. in.; and the chains and 
counter-weight retract the ram when the release valve is opened. 

The pump is provided with two plungers, if in. and I in. diam- 
eter, respectively, each operated by an eccentric on the driving 
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shaft. The plunger chambers are separate, each being provided 
with suction and discharge valves. Through the suction pipe to 
each chamber a tripping rod, c, passes, which, when elevated, lifts 
the suction valve from its seat and thus stops the delivery from 
that chamber while the shaft still rotates. The rod, c y is connected 
externally to a lever and link, a support holding the latter in place 
when the suction-valve is operating. It will be seen that the trip- 
ping rods provide a very quick method of throwing either or both 
pumps out of operation — an action which is essential, since, when 
the wheel has reached the end of the fit, the inflow to the cylinder 
should cease at once. 

In starting the press, the belt is shifted to the tight pulley, the 
trip-rods are lowered and both plungers operate until such a pres- 
sure has been obtained as the belt permits. Then the suction 
valve of the larger chamber is tripped and the work continues 
with the smaller plunger until the limit of the fit is reached, when 
the remaining suction valve is raised and further movement of 
the ram is prevented. 

10. Shrinkage in Gun Construction. 

The stresses to which a gun is subjected upon the explosion 
of the charge are : First, a radial pressure tending to split it on 
an axial plane ; and second, a longitudinal stress acting to rupture 
it on a plane transverse to the axis. There must be considered 
also in design the radial compression of the bore — due to the 
shrinkages of the exterior cylinders — which, when the system is 
at rest, the inner layer must withstand. 

To secure equal strength throughout without undue weight, the 
material should be so arranged that every portion does its full 
share in resisting the pressure from within. Fig. 5 shows the 
rapid reduction in stress toward the exterior of a homogeneous 
cylinder, the tension in the outer layer being but two fifths of that 
in the inner, when R x = 2R . This uneconomical distribution of 
the metal and the fact that the elastic strength of the latter is, in 
such cylinders, the limit of the allowable internal pressure P , led 
to the abandonment of cast guns, although some measure of com- 
pressive, reinforcing stress upon the bore may be obtained, during 
casting, by cooling the inner wall first, thus producing tension in 
the outer layers. 
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Maximum economy of material will be attained when the 
stresses throughout the walls are, at all points, upon the explosion 
of the charge, not only approximately equal but also the greatest 
permitted by the elastic strength. This condition can be ap- 
proached only by placing the outer metal in a state of initial ten- 
sion, the result being, when the system is at rest, a compression 
and reinforcement of the inner layer, the latter being given thus 
additional strength, since the initial compression must be over- 
come by the pressure of the gases before tensile stress in the 
fibers will be produced. In order to develop these initial stresses, 
the gun is built of separate concentric cylinders shrunk one upon 
the other, the unit diametral allowance or relative shrinkage of the 
outer cylinders being such that, while these cylinders are thus 
normally in tension, they have still a margin of strength, within 
their elastic limits, to withstand the added tensile stress upon ex- 
plosion. The stress-diagrams for such a construction are shown 
approximately in Fig. 5, a f which represents a portion of a trans- 
verse section of a tube with superposed cylinder. The area, 
a-b-c-d y is the diagram of tangential stress for a single cylinder of 
the maximum radius and combined thickness, subjected to the 
internal pressure, P Q . The area, e-g-f-c, represents the initial 
tension in the outer cylinder, and its equivalent, d-e-h-k, the initial 
compression in the tube. The areas, d-l-g-e and e-m-n-c, show, 
respectively, the tangential stresses in the tube and cylinder when 
under the internal pressure, P . It is obvious that the latter 
areas are together equal to the original diagram, a-b-c-d, less that 
of initial compression-, and plus that of initial tension. The 
possibility of reducing the stress at the bore is apparent. 
Since both radial and circumferential stresses change with each 
increment of radius, the greater the number of superposed 
cylinders in a given thickness, the more equable will be the 
disposition of stress under internal pressure. In practice (Fig. 
19), the number of such cylinders is, in large guns, four, viz.: 
the tube, a single forging, the length of the bore ; the jacket, 
encircling the tube from the breech-end about half way to 
the muzzle ; two layers of hoops, superposed upon the jacket, 
the chase-hoop extending to the muzzle ; and tapering and 
locking bands. With regard to the radial and circumferential 
stresses in a gun thus assembled, Major Rogers Birnie, U. S. A., 
says: 
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" The accepted theory of this mode of construction is to assemble the several rows 
of cylinders so that : 

•' In whatever state the system may be considered, none of the fibers of any cylinder 
in the structure shall be elongated or contracted beyond the elastic limits determined 
for such displacements by the free tests of the metal. 

" With the system at rest this applies especially to the tube which, ordinarily, has to 
support alone, or without other assistance than the atmospheric pressure, the accumu- 
lated stress due to the shrinkages of all the outside cylinders. Under these circum- 
stances, the surface of the bore undergoes the greatest change of form by compression, 
so that the shrinkages of the outer cylinders must be limited to retain uninjured the 
elastic properties of the metal at the surface of the bore of the tube. ( It is, perhaps, 
an open question whether the compression of the bore may not, with advantage, be 
carried beyond this limit ; but, for the purposes of theoretical discussion, we assume 
that it should not be. ) 

" With the system in action, that is, subjected to the maximum interior pressure which 
it can support with safety, the cylinders or hoops composing each layer of the structure 
should work together to the elastic limit of their metal. Here, again, it is the interior 
fibers which undergo the greatest change of form in general by circumferential exten- 
sion in the outer cylinders and by radial compression in the inner cylinders. The theo- 
retical resistance of the gun must then be limited to retain uninjured the elastic proper- 
ties of the metal at the interior of any of the cylinders composing the structure. This 
involves the following considerations, viz. : As many of the cylinders as practicable 
should work together to the elastic limit of their material under extension ; but, when 
other cylinders are endangered from radial compression of their walls, the theoretical 
interior pressure must be curtailed to provide against such over-compression, and the 
working tensions of the first-named parts will be correspondingly reduced. However, 
the wall of the tube (or part of the structure next to the bore) has always to support 
the greatest normal pressure with the system in action ; hence, frequently, in this state 
of the system also, the theoretical resistance of the gun will be limited by the strength 
of the tube to resist compression, in this case radial instead of tangential, as in the 
other extreme state of the system." * 

Major Birnie considers that the longitudinal tension developed 
in firing may, without noteworthy error, be neglected in deducing 
the equations of equilibrium, expressing the relations between the 
tangential and radial resistances for any state of the system. 

1. Shrinkage Formula. — For the deduction which follows 
the author is indebted to Professor Philip R. Alger, U. S. N., 
formerly of the Bureau of Ordnance, U. S. Navy, now head of 
the Department of Mechanics, U. S. Naval Academy. Practically 
all of the guns in the U. S. Navy were assembled with shrinkages 
calculated by the formulae given below. 

In this deduction it is assumed : 

1. That there is no longitudinal stress on any layer. This 
would be true only in the case of a hollow cylinder under fluid 

♦Ordnance Department U. S. A., "Notes on the Construction of Ordnance," No. 35. 
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pressure and having both ends free, and is not true for a gun ; but, 
even with the latter, only the layer in which the breech-plug houses 
is under direct longitudinal stress and that stress diminishes rapidly 
as we go forward from the breech-plug face. 

2. That a transverse section of the cylinder when at rest re- 
mains a plane normal to the axis of the cylinder when the latter is 
under strain — in other words, that the longitudinal strain is uniform 
over the whole section. This would be a natural result of the 
condition of free ends, but can be considered as only approximately 
true for a gun. 

3. That the total strain, in any direction, due to all the stresses 
is the measure of the tendency to yield in that direction, so that 
the limit of safety is reached, not when the stress in any direction 
equals the elastic strength of the material, but when the strain in 
any direction equals the strain which would be caused by the direct 
action of a single stress equal to that elastic strength. 

4. The ratio of strain, in the direction of the stress producing 
it to the accompanying strain at right angles to that direction, is 
taken to have the value 3. 

(a) Stresses and Strains. — Let a hollow cylinder of radii R and 
R x be under pressure P from within and P x from without, and 
let T and T x be the resulting circumferential tensions at the 
inner and outer surfaces. Also, let / and p be the circumferential 
tension and radial pressure at any point of radius r within the 
cylinder-wall and let e t , e r and e l be the tangential, radial and 
longitudinal strains at the same point. Also, let E be the modulus 
of elasticity of the material. Then : 

and since, by hypothesis, e x is constant, we have 

/ — p = constant = k. 
But 






and, assuming t=f'(f) f this gives, 

J So 
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whence 



/(r)=-/r; and so, t=f'(r)=-p-r 

dp 



dp 
dr' 



Thus, we have t — p=*k and / + p = — r -r> whence 



dr 



dp 



the integration of which gives 2p + k = -\, where k x is a constant 

k 2 
of integration. Combining with / — p = k y we have / + p = -\ . 

These, then, are the fundamental equations which express the 
relation between circumferential tension and radial pressure at all 
points within the cylinder : 

t-p=k=T -P =T l -P l , 

(22) 



{t+py = k* = (T + p )r > = (7; + p,)r 2 , 

Eliminating 7| between the last parts of these equations, we have : 

. R 2 + R 2 2R*P l 



T — P 
0-0 R 2 -R 2 



*, 2 



■Rl 



and substituting this in the first parts of the same equations, we 
have, after combining : 



P &-P& R'R^-PJ 1 



R 2 - R 2 



R 2 



R 2 



P &-P X R* R 2 R l \P ll -P l ) J. 
p ~ Rf-R 2 R\ 2 -K V 



(23) 



Substituting these values in the first part of (21), we have, for 
the tangential strains at the inner and outer surfaces, where r= R a 
and r = R v respectively : 

1 ppRf + ^V-ep^ 2 ) 



1 6P a R*-P l ( 4 R 9 '+2R l ') 

e Tt = 



(24) 



3(^ 2 -^„ 2 ) 

Suppose now the pressure P x to be caused by a second cylinder 
(radii R x and R 2 ) embracing the first and itself under the external 
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pressure P v Let the circumferential tension at its inner surface 
be designated as T x f (to distinguish it from T v the tension of the 
outer surface of the inner cylinder, which is under the same radial 
pressure P v but not at the same tension as the surface in contact 
with it) and that at its outer surface as T v Then, applying 
formula (24) to this second cylinder, we have, for the circumferen- 
tial strains at the inner and outer surfaces : 



f T — S 



1 6P& - PJaR* + 2R*) 



3{K'-Xi*) 



(25) 



Finally, assuming P 2 to be caused by a third cylinder (radii, R t 
and R 3 ) whose outer surface is under no pressure, we have, for the 
circumferential strain at its inner surface : 



€ ft — — 



1 P 2 (2R 2 * + 4 R 3 *) 
E" 1{R?-Rf) 



(26) 



Now let -£, -X f and -*■ be the values fixed for the maximum 

strains of the three cylinders respectively, when under the action 
of the system of pressure P Qt P l and P r Substituting these values 
for e To , e Tl ,, and e T2 , in (24), (25), and (26), we have 



P.- 



4R*+2RJ 



i jR^- R^ + ep^ 



^0 = 



S (R*-RW 9 + 6P X R* 

4R? + 2R Z 



{27) 



the last of which equations gives the internal pressure which the 
built-up cylinder will stand, if its parts have been so assembled 
that the inner surface of each reaches at the same instant the con- 
dition of maximum circumferential strain assigned to it. This, of 
course, implies a definite shrinkage for each cylinder, which shrink- 
age remains to be determined. 

(b) Relative Shrinkages. — Observe now that equations (24), (25) 
and (26) give the tangential strains resulting from the pressures P v 
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P v and P v and that if we substitute for these pressures any simul- 
taneous changes in their values as p , p v and p v the same equations 
will give the corresponding changes of strain. But the surfaces of 
contact of the cylinders must contract and expand together and so 
the change of strain at the outer surface of each cylinder must equal 
that simultaneously occurring at the inner surface of the cylinder 
embracing it. Hence equating the second part of (24) to the first 
part of (25) and the second part of (25) to (26), after replacing 
P , P v and P 2 by p Q , p x and p v we have : 

the first of which gives the relation between simultaneously occur- 
ring changes in the pressures at the radii, R Q , R v and R v and the 
second, the relations between such changes at the radii, R x and R r 
If, now, in the first equation of (28), we make p Q = — P and 
p 2 = — P v we find : 

_ R*(R*-R*)P, + R*{R*-R*)P^ 

and this is the change of pressure at the radius R v which would 
result from the simultaneous removals of the outer cylinder 
which causes P 2 and of the internal pressure P itself. There- 
fore, substituting this value of p x for P x and — P 2 for P 2 in the 
second equation of (25), we have, for the change of outer diameter 
of the middle cylinder, due to removing the outer cylinder and 
suppressing the internal pressure, the expression : 

j_ (4^+2^,5^ -6RIP, 

But, by hypothesis, the strain at the inner surface of the outer 
cylinder, before the change just referred to, was -^, and, there- 
fore, the relative shrinkage of the outer cylinder must have been : 

To find <p v the relative shrinkage of the middle cylinder, put 
— P for P Q and — P x for P x in the second equation of (24) which 



r> = i[ 6 
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gives, for the change in outer diameter of the inner cylinder, due 
to removing the outer cylinders and suppressing the internal pres- 
sure, the expression : 



whence 



£' 3(*, 2 -*. 2 ) 



*-i['« 



{ A R? + 2R?)P l -6Rm 
+ i{R?-R?) J' (30) 



By the term relative shrinkage is meant the difference of diameter 
per unit length of diameter of the surfaces to be superposed, so 
that the actual differences of diameter are 2R 2 <p 2 and 2R x <p v 

(c) The Method of Procedure \ then, is to calculate P v P x and P by 
formulae (27) and then determine the shrinkages by formulae (29) 
and (30). It may be, however, that the shrinkages thus found 
would cause excessive compression of the bore of the inner cyl- 
inder, when at rest ; and, if so, smaller values of X and % must 
be used. To ascertain whether this is the case, eliminate p % be- 
tween the parts of equation (28) which gives : 

R*(R*-R*) 
Pl ~ R X \R?-R?)' P »> 

and, making p = — P in this, the resulting value of p x is the 
change of pressure at the outer surface of the inner cylinder due 
to the suppression of P . Therefore, p x -f P x must be the pressure 
on that outer surface when the system is at rest ; and this must 
not exceed 

R 2 — R 2 
2R* U °' 

since, if it does, the tangential compression of the bore will ex- 
ceed . 

As a matter of fact, however, experience seems to show that 
there is no objection to compressing the bore beyond the elastic 
limit of the material under tension, presumably because the elas- 
tic resistance to compression is really considerably greater than 
that so-called elastic limit of tension. 

It is also to be noted that no account has been taken of the fact 
that the radial strain at the inner surface of a cylinder may, and 
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indeed sometimes does, exceed the tangential strain, while our 
formulae assume that it is only the latter which must not exceed a 
fixed limit. This, too, can only be justified by the assumption 
that the material really has a higher limit of elasticity under com- 
pression than under tension. 

In assembling U. S. naval guns with shrinkages calculated by 
the foregoing formulae, , X and 2 were taken as the lowest 
elastic limit given by any specimen from the particular forging 
considered, excepting where the resulting compression of bore 
considerably exceeded , in which case Y and 2 were some- 
what reduced. The formulae as given herein are, of course, 
easily extended to cover cases where there are more than 
three layers. 

The tangential strain is really the change of length per unit 

length of the circumference and, so also, the change of length per 

unit length of diameter. An alternative nomenclature of the 

strains is as follows : Take a circle of radius r in the cylinder 

walls when at rest and suppose that, when the pressures act, each 

point of the circle moves outwardly Jrand axially Ah f then the tan- 

Ar ddr 

gential strain is — , the radial strain is -^-, and the longitudinal 

stoi „ b *» ft_ **. b*tag what bm'bi« called ,„ ,, and ,, 

(d) Radii. — If only the tangential resistance to internal pressure 
is to be considered, the maximum value of P will be obtained by 
making the radii increase in geometrical progression from that 
of the chamber outward, provided the several cylinders have the 
same elastic strength and the same modulus of elasticity. Thus, 
for the case of one cylinder superimposed upon another, make P Qf 
formula (27), a function of R x (R and R 2 being constant and 

X = O ), differentiate, and make -^~ = o. After cancellation, we 

have R* = RqR 2 * showing that the maximum value of elastic re- 
sistance for a given total thickness of a given material occurs when 
the radius of the common surface is a mean proportional between 
the inner and outer radii. For example, with the 6-inch gun of 
4-inch chamber-radius and 8-inch thickness of chamber-wall, the 
maximum resistance against tangential bursting stress would be 
secured by making R — 4-inch ; R x = 4^3 ; R 2 = 4^9 ; and 
i? 3 = 4^=12. 
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In practice, however, other considerations than tangential 
stress prevent complete conformity with theory. In the first 
place, it is necessary to make that layer which takes the longitu- 
dinal strain of sufficient cross-section. In United States guns, the 
breech-block houses in the jacket or second layer and the area 
~(R* — R*) must be adequate, being, in naval guns, about three 
times that of the rear end of the chamber, so that the longitudinal 
stress on the jacket, if uniformly distributed, is one third of the 
chamber pressures. In French guns, the breech-block usually 
houses in the tube or inner layer, thus making R x much greater 
than is necessary for resistance to the maximum tangential stress. 
Again, the tube thickness over the enlarged chamber should not be 
too small to prevent lining the bore with a thin tube, after the erosion 
of the powder gases has cut away the rifling and rendered the gun 
inaccurate. Finally, the necessity for keeping down weight, which 
prescribes a decreasing exterior diameter to correspond with the 
diminishing pressure toward the muzzle, together with the need 
for avoiding sudden or great changes of section in the various 
forgings, sometimes dictates dimensions not otherwise desirable. 

2. Gun Construction. — The 16-inch Breech-loading Rifle 
(Type, Model 1895), completed — except as to the final boring, 
rifling, and the hoops engaging the mount — during the year 1900 
by the Ordnance Department, U. S. A., at the Watervliet Arsenal, 
N. Y., is not only the most powerful gun yet built, but is also the 
largest construction ever assembled by shrinkage. The general 
data * are as follows : 

Weight of gun 126 tons (252,000 lbs.), of armor-piercing pro- 
jectile, 2,400 lbs., of powder-charge (smokeless), 576 lbs.; powder- 
pressure, 37,000 to 38,000 pounds per sq. in.; muzzle-velocity, 
2,300 ft. per second ; muzzle-energy, 88,000 ft. -tons; penetration 
in steel at muzzle (De Marre's formula, normal impact), 42.3 in. ; 
range, 20,978 miles; height of trajectory, 30,516ft. (about 5^ 
miles) ; length, of projectile, 5 ft. 4 in. ; cost per round, powder 
and shot, #1,000. 

(a) Description. — The gun is shown in section in Fig. 19. Its 
total length is 590.9 in.; external diameter at rear, 60 in., at 
muzzle, 28 in.; length of main bore, 448.5 in., diameter, 16 in.; 
rifling, 96 lands, 96 grooves ; depth of groove, 0.06 in. ; the 

* Ordnance Department, U. S. A. , " Notes on the Construction of Ordnance, ' ' No. 78. 
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rifling curve is a semi-cubic parabola, ranging from one turn in 50 
calibers to one in 25 at the muzzle. The cylindrical part of the 
powder-chamber is 90.7 in. long, and 1 8.9 in. diameter, and is con- 
nected with the bore by a conical slope 24 in. long. The volume 
of the chamber is 29,385 cu. in. The recess for breech-block is 
24.4 in. long, with a diameter at top of thread of 24.86 in. The 
breech-mechanism is after the " Stockett System." The gun is 
built up of parts, as follows : 

The tube, 566.5 in. long, with a maximum outside diameter of 
29.3 in.; two C-hoops shrunk upon the tube from the forward end 
of the jacket to the muzzle ; the jacket, 304.65 in. long, shrunk 
upon rear of tube, and overhanging the latter by 24.4 in. to form 
the breech-recess; the D-hoop, 144.5 * n - l° n g> encircling forward 
end of jacket and rear of C-hoop, and having two locking 
shoulders in its bore which engage corresponding projections on 
jacket and C-hoop, thus preventing any sliding backward of the 
former or forward of the latter, from the shock of firing ; three 
A-hoops, A-i covering the joint between the Z>-hoop and the 
jacket, and A-2 y A-j, being shrunk over the outer surface of the 
latter ; four B-hoops, encircling the ^4-hoops. 





Weights 


(lbs.). 


Rough. 


Finished. 


Tube with C-hoops. 

Jacket. 

HoopZ>. 

" A-i. 

" A- 2. 




124,351 
90,058 
26,965 
19,859 
16,137 


IOO,26o * 
73,900 
23,900 
I4,9IO 
15,120 


" A- S . 






20,163 


19,940 


" *B-i % 


B --?, £-3. 




58,620 





The tube and jacket were each made from a nickel-steel ingot, 
not fluid-compressed, and octagon in section. After removing the 
discards, a longitudinal, axial hole was bored through the remain- 
ing block and the tube or jacket was then forged hollow on a 
mandrel under a hydraulic press. The completed forging was 
then rough-turned, bored, tempered in oil, and annealed. The 
hoops were made of fluid-compressed steel containing no nickel. 
Excepting that the ingots were round, the general process was 
similar to that for the tube and jacket. The hoop-metal was the 
harder, i. e., having the greater elastic limit and tensile strength. 

* Awaiting decision as to carriage. 
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All forgings were of sufficient total length to provide test- metal. 
The specimens for tube and jacket were 0.564 in. diameter and 3 
in. long. The average physical qualities obtained in all tests are : 



Tube. 



Jacket. 



Hoops. 



Elastic limit, lbs. per square inch. 
Tensile strength, lbs. per square inch. 
Elongation, per cent. 
Contraction, " " 



51,375 
84,35o 
20.38 

41.93 



52,250 

87,800 
22.16 
48.32 



57,"5 
107,050 
19.28 
45-52 



(b) Shrinkage Furnace. — The furnace used in expanding the 
parts for assemblage is shown in Fig. 20. It consists of a 
wrought-iron "cage" or frame-work A, surrounding immediately 
a cylindrical wall B of fire-brick, the whole resting upon solid 
rock, at the 30-ft. level, in a corner of the shrinkage-pit (Fig. 21). 
The thickness of the wall is 1 3 in. and its internal diameter is 8 ft. 
4 in. A cylindrical muffle C, built of J^-in. boiler steel, sur- 
rounds the hoop to be heated. The outer diameter of the muffle 
is 6 ft. 6 in., there being, thus, an annular space, 1 1 in. wide, which 
forms a combustion-chamber for the burning gases. The furnace is 
27 ft. 9 in. high ; its top is 2 ft. 3 in. below the floor-level ; it is 
closed by a removable cover D y which confines the steam and 
gases ; and the products of combustion are drawn off through a 
flue Connecting the top of the chamber with the main chimney. 

Fuel oil is supplied through a 3 -in. pipe from a 5,000-gallon 
tank and enters the furnaces through 20 burner-openings E t set 
in five tiers F y of four burners each. The burner consists of an 
internal steam -pipe of J^-in. bore, the latter being reduced at the 
end to -fa in. Surrounding this is a j4-m. oil-pipe, the forward 
end of which is plugged and a ^fr-in. hole drilled therein, opposite 
the -j^-in. opening in the internal pipe. The steam issuing at high 
velocity through the latter opening, carries the oil with it as a 
spray ; and its oxygen, combining with the oil, gives an intensely 
hot flame. The burners are so directed that the flame strikes the 
muffle at a tangent approximately, thus giving a rapid spiral move- 
ment to the gases. The muffle transmits the heat to the hoop 
and the circulation of air within it tends to make the temperature 
equal at all points of the hoop. The furnace-temperature is 
governed by a damper in the flue, by the number of jets burning, 
and by the amounts of oil and steam admitted. Each burner is 
surmounted by an observation opening, closed by a mica door. 
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Uniformity of heating is secured by the tangential direction of the 
gases and by the intervention of the muffle, the latter keeping the 
flames from impinging directly upon the hoop and thus causing local 
heating in excess. 

(c) Shrinkage-Pit. — Within the same excavation which contains 
the shrinkage-furnace, the shrinkage-pit (Fig. 21) is located, the 

latter being 60 ft. deep and 
cut from the solid rock. 
To hold the gun during 
the shrinkage processes, 
a cast-iron chuck G is 
anchored in the concrete 
foundation at the bottom 
of the pit and an interme- 
diate chuck H is placed at 
the 3 5 -ft. level. Upon this 
level, also, there is con- 
structed a heavy platform 
or "tipping rest" K 9 for 
supporting the lower end 
of the gun while it is lying 
in an angular position, after 
having been brought to, 
and partly lowered within, 
the pit by two cranes. The 
platform enables one of the 
latter to lift the gun to a 
vertical position and set it in 
the chucks. In order to 
handle the gun, when thus 
within the pit, two steel 
plugs, connected by a rod 7 
in. in diameter and screwed 
into each, were fitted within the bore of the tube, the plug at the 
upper end being arranged for connection with the bail on the crane- 
hook. A steam-pump to free the pit from the water used to cool 
hoops after assembling completes the equipment. 

(d) Assembling. — In preparation for the shrinkage of the jacket, 
the tube was placed in the pit, muzzle-end down, and water con- 
nections were made for interior cooling and for cooling the jacket 




Fig. 21. 
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when seated. The latter was then heated for 30 hours and its 
bore calipered three times during that period to determine the ex- 
pansion. Upon removal from the furnace, it was measured, 
centered, and lowered in place and water was applied at the 
muzzle-end. The cooling continued for nine hours, the number 
of the encircling " water- rings " or pipes varying from four, as a 
maximum, to two at the close of the operation. The shrinkage 
of the C- and Z>-hoops was effected in a similar manner. The 
yl-hoops were assembled with the gun in a horizontal position in 
the lathe. The hoists of a crane were attached to straps secured 
to the hoop after heating and the latter was carried to the gun, 
seated in place, and cooled by water from the forward end. 
During contraction, the hoop was under the constant pressure of 
two 30-ton hydraulic jacks, one on each side, acting in the hori- 
zontal plane through the axis of the gun. It is proposed to effect 
the seating of the i?-hoops in a similar manner. 

(e) Expansion , Shrinkage, and Clearance. — The expansion of 
the metal, per inch of diameter for each degree of temperature, 
was 0.000007 in. Thus, for an exterior diameter of hoop of 64 
in., the total expansion for i° of temperature = 0.000448 in., and, 
for 8oo°, = 0.358 in. Measured exterior diameters at several 
points on the surface of a hoop, if uniformly increased by ex- 
pansion, indicate uniform temperature and the amount of expansion 
shows the degree of temperature. Calling the diameter of the 
cold tube D, that of the cold hoop or jacket d, and the shrinkage s: 

Expansion = 0.000007 (D — s) = E; 
Shrinkage = D — rf = s ; 
Clearance = E + {D — s) — D ; 
Diameter of jacket heated = E + (D — s). 
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SCREW FASTENINGS. 

A screw-surface or helicoid is described by a right line, A-B, 
Fig. 22, revolving about and advancing along an axis, Y-Y 9 as 
directrix, one extremity, A, of the line remaining upon the axis 
and the angle of advance, a, between the latter and the line or 
generatrix being constant. The base-angle, /?, is the complement 








of the angle of advance. In the screw-thread, the generating line 
is replaced by a plane figure — as the triangle, B-E-F, a rec- 
tangle, or a trapezoid — maintained always in an axial plane and 
in contact with, and traversing a helical path upon, the surface of 
a cylinder, as G-H-K-L. 
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The nominal, or outer diameter, D, of a screw is that of the 

outside or top of the thread. The effective diameter, d, is that of 

the base or root of the thread and of the cylinder or core upon 

which the latter is described. The depth of ttte thread is the radial 

D — d 
distance between its base and top, t. e., The pitch, p, is the 

axial distance between adjacent convolutions of the same thread, 
i. e., the axial distance which the nut traverses during one revolu- 
tion. The pitch-angle, d, of any helix of the thread, is the inclination 
between that helix and a plane perpendicular to the axis of the 
cylinder. While, in a normal screw, the pitch of all helices is the 
same, the pitch-angle of each depends upon its diameter. Cal- 
culations with regard to stresses within the thread are referred 
to the mean thread-diameter, d , (of pitch-angle 3 ), at which all 
forces are assumed to be concentrated. This diameter may be 
taken also, with sufficient accuracy, as that of the mean helix, 
equally distant from the helices at base and top of thread. The 
projected area of the thread is used in computations for bearing 
pressure. 

In addition to differences in the forms of the threads, screws 
are distinguished further as right- or left-handed and single- or 
multiple-threaded. In a right-handed screw, the thread ascends 
contra-clockwise from left to right. Screw-fastenings have usually 
a single, right-handed, approximately triangular thread. A mul- 
tiple (double, triple) threaded screw is one in which the cylinder 
is traversed by two or more threads, parallel and similar in all 
respects. Such screws, having ample bearing surface, are used 
for the transmission of power. 

The screw and its nut form, kinematically, a pair ; the relative 
motion of whose two elements consists of rotation about an axis 
and translation along the latter. If the material of the nut be 
relatively inelastic, as metal, the requirement for motion as above, 
is that the ratio between translation and rotation shall be constant, 
1. e., that there shall be uniform pitch. When, however, the screw 
revolves in a mobile medium or nut, as water, its surface may 
have a varying pitch throughout. The marine propeller is a 
transverse section of a multiple-threaded screw, the pitch of whose 
blade-surface may be either constant or expand in either or both 
of two ways — radially outward or from the leading to the follow- 
ing edge of the blade. 
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ii. Triangular vs. Square Threads. 

The form of the thread is determined by the character of its 
service. The more important differences between the square 
thread and the full or modified triangular type lie in the relative 
strengths of these forms and the friction of operation. The load 
in a bolt is usually axial. It is transmitted to the bolt-thread and 
supported by the reaction of the nut-thread. The load-action and 
the nut-reaction must be, for equilibrium, equal. These mutual 
actions are, disregarding friction, normal to the contact surfaces, 
i. e., to the threads. Considering friction, the reactions are di- 
verted from the normal by the angle of friction, <p. 

Fig. 23 represents sec- 
tions of triangular and 
square-threaded bolts of 
the same pitch. Let W 
and W x be the axial 
loads respectively, n the 
number of threads in 

W 
each nut, 




and w x = 



and 



w = 



- 1 , the respec- 
tive loads per thread. 
Disregarding the small 
FlG# 23 angle, (p t the lines of ac- 

tion, a-b and e-f of the 
pressures due to the loads will be normal to the respective thread- 
surfaces. Consider the threads with regard to : 

1. Friction. — This is directly proportional to the normal pres- 
sure upon the contact-surfaces. With the square thread, the unit- 
pressure upon the nut = e-f and Ee-f = w l ; but, with the trian- 
gular form, this unit-pressure = a-b, whose components are a-c 
and b-c. The latter acts to burst the nut while la-c = w. Since 
a-b > a-c y there is, other things equal, greater friction with the 
triangular thread. 

2. Strength. — In the triangular thread, the section at the root 
is the full length of the nut, while, in the square form, the sec- 
tion is but one half this length. Against shearing and flexure 
at the root, the latter thread is, therefore, proportionately the 
weaker. 
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3. Nut. — As noted, the triangular type has a bursting action 
upon the nut, which action, disregarding friction, does not exist 
with the square thread. 

In general, the triangular form is more suitable for screw-fasten- 
ings, owing to its greater strength, its increased frictional holding 
power which prevents backing off under load, and the finer pitches 
permissible by the full section at the base of the thread. On the 
other hand, the square thread is better adapted for power-trans- 
mission, since it has less friction and its bursting effect upon the 
nut is so small as to be negligible. 

12. Requirements of the Screw-Thread. 

The screw is used as a dctacltable fastening in joining the mem- 
bers of a structure or machine; in producing pressure or tension, as 
in the screw-jack and testing-machine ; and for the transmission of 
power and conversion of motion, as in the worm-gear and screw m 
propeller. Its requirements for these uses are : %^* 

1. Power. — This depends upon the pitch and form. The effect 
of the latter upon the strength and power of thread has been dis- 
cussed. With a given applied force, the less the pitch, the greater 
the axial load may be, since the pitch fixes the angle of the inclined 
plane upon which the load virtually moves. 

2. Strength. — This is governed by the pitch, form and depth 
of the thread. With constant load, the steeper the pitch, the 
greater must be the applied power and the consequent normal 
pressure upon the thread. For the same load and nominal diam- 
eter, the deeper the thread, the less its mean bearing-pressure will 
be ; but the moment of the load upon the root will be larger and 
the effective diameter of the bolt to resist tension, will be reduced. 

3. Durability. — The most durable thread is one whose form 
produces the least friction, whose depth gives minimum bearing 
pressure, and which is most accurately fitted. 

13. Elements of the Screw-Thread. 

The requirements of the screw-thread make its elements inter- 
dependent. Consider : 

1. Effective Diameter. — This depends upon the axial load 
and the torsional stress produced by friction between the threads 
in setting up the nut. The magnitude of the latter stress is gov- 
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erned by the applied power, and that of the power by the axial 
load and pitch. 

2. Pitch. — The relations between pitch and diameter in the 
prevailing systems of screw-threads are the outcome less of log- 
ical analysis than of long experience. For screw-fastenings, the 
limit in one direction lies in the fact that, with an excessively 
coarse pitch, the depth will be too great and the effective diameter 
will be reduced unduly. Again, that component of the pressure 
which is parallel to the thread-surfaces will exceed the force of 
friction between the latter, and, owing to this excess, the nut will 
back off. On the other hand, with an unduly small pitch-angle, 
the surface-friction will form too large a proportion of the total 
work of setting up the nut, the torsional action upon the bolt will 
be excessive, and the latter may be sheared. In general, fine 
pitches are unsuitable for soft metals and coarse pitches for shal- 
low holes. 

3. Form. — As stated, the square thread is the form best adapted 
for power-transmission. For large fastenings requiring to be read- 
ily and frequently removed and which are strained heavily, but 
in one direction only, as the breech-block of a gun, the trapezoidal 
thread (Fig. 30) is most suitable. This thread has the acting face 
normal to the axis, the rear face at an angle thereto, and combines 
the greatest strength and least friction attainable. 

For screw-fastenings in general, the triangular thread, with 
blunt top, straight sides, and filled-in base-angle, was adopted 
through various considerations with regard to strength, friction, 
durability, ease of manufacture, and conformity with general prac- 
tice. Thus, in strength and frictional holding power, this form is 
superior ; its straight sides give even wear and maximum bearing 
surface; the angle between them is fixed, in the various systems, 
by compromises between the conditions as to strength, friction, 
bursting action upon the nut, and facility of verification and pro- 
duction ; the flat or rounded top reduces the liability to injury; 
and the filling in of the reentrant base angle increases the effec- 
tive diameter of the bolt and, in the Seller's system, the resilience 
of the latter also. 

4. Nut. — The nut may yield either by the shearing or rup- 
ture of its threads or by bursting from the action of the outward 
component of the pressure upon the thread. The latter, both on 
bolt and nut, acts as a cantilever beam, fixed at the root and loaded 



SCREW FASTENINGS. 47 

iniformly over the bearing surface. When worn, the area of 
he latter is reduced, the bearing becomes irregular, the load is 
practically concentrated, and the bending moment at the root may 
3e increased. If the nut is of a metal materially weaker than that 
Df the bolt, its depth should be greater than the normal. In any 
event, this depth should be sufficient to give ample strength 
against flexure and shear at the root of the thread, to provide 
sufficient bearing surface to prevent abrasion, and to afford a good 
hold for the wrench. 

5 . Multiple Threads. — In power-transmission screws of large 
pitch, a single thread will provide adequate bearing surface only 
by having a depth so great as to give an unduly small effective 
diameter of bolt. When the pitch is sufficient to permit it, the 
use of two or more parallel threads of usual proportions will 
secure the required surface with a normal effective diameter. Such 
threads are usually of square or trapezoidal form. 

14. The United States Standard (Sellers) Thread. 

It would be difficult to overestimate the services to English- 
speaking engineers of Mr. William Sellers and of his predecessor 
in the same field, the late Sir Joseph Whitworth, in the investiga- 
tions and efforts which led to the wide adoption of the respective 
systems of screw threads which bear their names; The two sys- 
tems are in essentials almost identical. That of Sellers was orig- 
inally presented by him before, and recommended by, "ttie Frank- 
lin Institute in 1 864. It was adopted later, with trifling modifica- 
tion, by the U. S. Navy and War Departments and by the Master 
Mechanics' and Master Car Builders' Associations and is now 
known as the U. S. Standard System of Screw Threads. 

The thread, as shown in Fig. 24, is triangular with flat sides in- 
clined at an angle of 6o°, the apex being cut off and the base 
filled in to a radial distance in each case of one eighth the height 
of the primitive triangle making "flats,"/, at these points each 
one eighth of the pitch, p, in length. The Sellers system provides 
dimensions for bolts from one fourth inch to six inches nominal 
diameter. The notation and formulae are : 

D == nominal (outside) diameter of bolt, inches ; 

1 -i 
d=* effective diam., ins. = D — 2s = D — \.\p = D ; 
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Z> — d 
s = depth of thread, ins. = =/ x 0.65 ; (31) 



p = pitch of thread, ins. = 0.24 VD + 0.625 — 0.175 ; (3 2 ) 

n = number of threads per inch = - ; 

/= width of flat = |; (33) 

H = depth of nut, rough = D ; 
h = depth of head, rough — \d h \ 

d n = short diam., hex. or square nut, rough = f D + £" ; 
d h = short diam. of head, rough = | D + £" ; 

The equation for the pitch, as above, is an empirical formula con- 
structed to cover diameters within the scope of the system. To 
avoid impracticable fractions, the number of threads, as thus de- 
duced, is modified to secure a convenient aliquot value. Thus, 
for a 2 -in. bolt : 

p = 0.241/2 +0.625 —0.175 = 0.2138 in.; 

1/0.2 1 38 = 4.68 = n = say, 4.5 threads per in. 

The depth of the thread is obtained from the equation : 

s = \p cos 30 = 0.65/, 

deduced from the diagram, Fig. 24. The formula for the short 
diameter, d nf of the nut is empirical and was derived from success- 
ful practice. The values of the depths, H and A, of the nut and 
head respectively were based upon considerations as to adequate 
bearing surface, shearing stress, and provision for an efficient hold 
for the wrench. The long diameters of hexagon and square fig- 
ures may be obtained by multiplying the corresponding short 
diameters by 1.155 and 1.4 14, respectively. The finished dimen- 
sions for the depths and short diameters are : 

H, finished = D-^" ; 

<C " -t^ + A"; 
*» " =!^ + T V". 

The U. S. Navy Department adopted the Sellers system with 
the single exception that no difference was made in the size 
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of finished and unfinished bolt-heads and nuts, in order that the 
same wrench might be used for both. The size adopted was that 
given by Sellers forjough work. 

The formula for " the exact diameter of the tap-drill with no 
allowance for clearance is : 

d= D _ 1^990381. 



" The usual allowance (for clearance) above exact bottom diam- 
eter is from 0.004 f° r % i ncn to 0.010 for 2-inch taps." * 

Table X. 
U. S. Standard (Sellers) Bolts and Nuts. 



Boh. 


Nut. 


Head. 


Nut rod 


Diameter* 


Ant. 


Thread*. 


Depth. 


Depth. 


Had. 
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If. 
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4 




M "--.-7 
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r 


IE 


ft 


$ 


2 
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SO 
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1 


k 


1 
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l8 


O.OO69 


ii 


H 


1 


0.294 


0.1 ro 


0.068 


16 


0.0078 


t 


ft 


o,345 


0.150 
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H 


0.0089 


A 


11 
I* 


11 


I 


0401 j 


0.196 


0.126 


13 


0.0096 


I 


ft 


i 


0*454 


0.249 


0.162 


12 


O.OI04 


?1 


# 


\ 


0,507 


0,307 


0.202 


a 


0.0114 


1 


V 


*A 


\ 


0.620 


0.442 


0.302 


10 


0.0125 


I 


i 


if 
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0.731 


0.601 


0.420 


9 


O.OI39 


f* 


iA 
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0,785 


0-550 


8 


0.0156 




1! 


H 


n 
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O.Q94 
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7 


0.0179 


I 


■ 


ii 


»H 


! 


1.064 


1*227 
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7 


o,ol 79 






1 


2 


1 159 
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O.0208 


1' 
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*A 
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0,0208 
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*1 
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1-515 


si 


0.0227 






iA 


4 


i| 
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2405 


1.746 


5 


0.0250 






M 


a ,t 


l| 


1.615 


2.761 


2.051 


5 


0.0250 


. 


" 


ii* 


2ft 


2 
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3**42 
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41 


0.0278 


2 


J # 


$1 


*\ 


1.061 


3-976 


3>° 2 3 


4l 


0.02 78 


4 


'A 


3 t 


4 


2-175 


4.909 


3.719 


4 


0.0313 


4 


iH 


31 


2J 


2.425 


5-940 


4.620 


4, 


O.0313 


ai 


4 


5} 


3 


2.629 


7.069 


5*428 


i\ 


0,0357 


3 


3i 


2,879 


8.296 


6.510 


0.0357 


I! 


M 


5 


U 


3-Joo 


9.621 


7-543 


3l 


0.0385 


2 # 


5| 


31 


3317 


11.045 


8.641 


3 


0.0417 


3! 


2 f 


ff 


4 


3.567 


12.566 


9963 


3 


O.0417 


4 


3A 


ft 


4i 


3798 


14. 1 86 


n.329 


2| 


0.0435 


it 


3t 


61 


41 


4,028 


15*904 


12-753 


2 | 


0.0455 


3A 


6i 


4| 
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r 7.72 1 


14226 


2 T 1 


0.0476 
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II 


5 


44S0 
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15763 


2i 


0,0500 


5 


3*3 


it 
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*f 


O.0500 


a 


4 


8 


4953 
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*\ 


0,0526 


4A 


1! 


si 
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5i 


4A 1 


6 
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The Sellers system was investigated exhaustively by a Board of 
U. S. Naval Engineer officers in 1868. This Board * found as to 

1. Pitch. The relations of pitch and diameter did not differ 
materially from the average proportions dictated by good practice. 
2. Form. The thread, as compared with that of ordinary V form, 
gave with equal pitches a greater effective diameter and was less 
liable to injury. Further, in the most unfavorable case — that of 
the one-fourth-inch bolt — where the inclination of the thread and 
the torsional stress are maxima, the tendencies of the bolt to yield 
to tension or torsion are, with clean and well-lubricated surfaces, 
about equal. 3. Nut. To resist shearing (stripping) of the thread, 
the depth, H '= D t gives a marked excess of strength for perfect 
threads, since, for the latter, but 0.357*/ is required. With regard 
to bearing surface for fastenings, the depth, H, provides as much 
or more than nuts were given ordinarily. The diameter, d n , was 
found to give ample security against bursting action, since, neglect- 
ing the resistance of the thread and taking the entire section of 
the bolt as effective, the required diameter, d n = i\D. 4. Head. 
The depth, A, was sufficient to provide fully against shearing and 
to afford an efficient hold for the wrench. 

The proportions of the Sellers system are given in Table X. 

15. Modifications of the Sellers System. 
Experience with the proportions of this system has resulted in 
modifications as to : 

1. Pitch and Diameter. — For nominal diameters ranging 
from 2^ ins. to 6 ins., equation (32) gives the corresponding 
numbers of threads per inch as ranging from 4 at 2^ in. to 2^ 
at 6 in. These proportions, theoretically, should be such as will 
give a bolt equally strong in all respects. In naval practice and in 
that of many large companies, it is now customary to make the 
number of threads per inch 4 for all diameters from 2 y 2 in. to 6 in., 
inclusive, thus increasing materially the effective diameter of the 
bolt. The proportions of bolts and nuts now prescribed by the 
Bureau of Steam Engineering, U. S. Navy, are given in Table XL 

2. Bolt-Heads and Nuts. — The proportions of nuts and 
bolt-heads, as given in the Sellers system, require odd sizes of 
bar-metal, not usually rolled by the mills, for the nuts and addi- 

* " Report of Board to Recommend a Standard Gauge for Bolts, Nuts, and Screw- 
Threads for U. S. Navy." May, 1868. 
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tional upsets in order to obtain sufficient metal for the standard 
head. Tables XII. and XIII. give dimensions which are without 
these disadvantages. 

3. Circular Nuts. — The Sellers system gives the dimensions 
of hexagonal and square nuts only. The former are lighter, their 
long diameter is less, and, where the movement of the wrench is 
restricted, they are more readily screwed home. The circular, 
grooved nut is a form applicable for use in a confined space and 
is of especial value where very large sizes are required as, for ex- 
ample, on the end of a propeller shaft. The outside diameter of 
the circular nut is equal to the short diameter of the other types, 



Table XI. 

Standard Dimensions of Bolts and Nuts for U. S. Navy. 
(Bureau of Steam Engineering.) 
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plus twice the depth of the groove. In large sizes, this diameter 
is less than the long diameter of the hexagonal form. Good pro- 
portions for circular nuts are given in Table XIV. 



Table XII. 

Manufacturers' Standard Dimensions of Bolt Heads. 
(American Iron and Steel Manufacturing Company.) 



Diameter, Bolt. 


Square and Hexagon 

Heads, 
Width and Thickness. 
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Table XIII. 

Manufacturers' Standard Dimensions of Hot-Pressed Nuts. 
(American Iron and Steel Manufacturing Company.) 
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Table XIV. 

Round Slotted Nuts. 
(Newport News Shipbuilding and Dry Dock Company.) 
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16. The Sharp "V" Thread. 

This thread has been superseded very largely in the United 
States by that of Sellers. As shown in Fig. 25, the sides are in- 
clined to each other at an angle of 6o° and have a sharp apex and 
base. A section of the thread forms, therefore, an equilateral tri- 
angle, each side of which is equal to the pitch of the screw. 
Using previous notation : 

s=p cos 30 = 0.866/ ; 
d= D— 2s = D— 1.732/; 



>-«■ 



The pitch is usually that of the Sellers system. 
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17. The Whitworth System of Screw-Threads. 

In 1 84 1 the late Sir Joseph Whitworth brought forward, in a 
ommunication to the Institution of Civil Engineers, the system 
>f screw-threads which bears his name. This system, modified 
lightly in 1857 and 186 1, has met universal adoption in Great 
Britain and extended use upon the continent of Europe. The 
•ange of diameters was originally, as in the Sellers system, from 
:>ne quarter inch to six inches. 



Table XV. 
Whitworth System. Bolts and Nuts. 
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As shown in Fig. 26, the thread is triangular in section, the 
ingle between the sides being 55°. The primitive triangle 
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is rounded off at the top and bottom by an amount equal, in 
each case, to one sixth of its height, making the depth of the 
thread two thirds of the altitude. The relation between di- 
ameter and pitch, the angle of the sides, and the depth of the 
thread were determined by taking the mean of the variations in 
these respects of a large collection of screw-bolts gathered from 
the principal machine-shops throughout England. The one quar- 
ter inch, one half inch, one inch, and one and one half inch bolts 
were examined particularly and taken as the fixed points of a 
scale by which intermediate sizes were regulated, deviation from 
the exact average being made only to avoid small fractional parts 
in the number of threads per inch. The formulae are : 

s= y^p -h- tan 27 30'= 0.64/; 
d=D—2s = D— 1.28 /; 

p — — = 0.08 D + 0.04 approximately ; 

r = radius of rounding = 0.1373/. 

The dimensions of the system are given in Table XV. The 
depth of the nut is equal to the nominal diameter of the bolt. 

18. The Sharp V, Sellers, and Whitworth Threads. 

Consider bolts of the same nominal diameter in these systems 
with regard to : 

1. Tensile Strength. — The effective diameters are : 

V Thread, */= Z>- 1.732/; 
Sellers, d=D— 1.3/; 
Whitworth, d = D — 1 . 28/. 

2. Stripping of Thread. — The section, at base of thread, to 
resist shear in : 

V and Whitworth Threads = / ; 

Sellers Threads == 0.875/. 

3. Bearing Surface. — This is a maximum in the V thread 
with its straight sides from apex to root and a minimum* in the 
Whitworth form owing to the rounding.. The Sellers thread 
holds an intermediate place. '...:„ 
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4. Friction. — The normal pressure and, therefore, the friction 
are less in the Whitworth thread than in the other types, owing to 
the smaller angle of the sides. 

5. Resilience. — The section of least diameter is but a line in 
the V thread and is a flat, \p in length, in the Sellers system. 
The rounded base gives the Whitworth form an intermediate posi- 
tion. While the Sellers type seems thus to be superior, the 
sudden change in section at the bottom of its thread is a source 
of weakness. 

6. Durability. — The sharp tops of the V thread are very 
liable to injury. In this and the Sellers form, the normal pressure 
is uniform over the entire surface, while, in the Whitworth thread, 
it is uniform upon the sides and varying arid greater over the 
curved surfaces. The wear of the Sellers type will be, therefore, 
less than that of the Whitworth. 

7. Reproduction. — The 6o° angle can be reproduced and 
verified more readily than one of 55 . The curves in the Whit- 
worth form vary in radius with the pitch and cannot be made with 
the same degree of precision as the flats of the Sellers system. 
The taps and dies used in the making of the V thread soon lose 
their fine cutting edges, thus causing constant variations in fitting. 

19. French Standard Screw-Thread. 

(Systetne Unifie Fran fats.) 

To the Societe d* Encouragement pour V Industrie Nationale is 

due the credit for the adoption of a standard thread in France. 

The thread form is practically that of Sellers based on metric 

units. The section is an equilateral triangle whose base is equal 

to the pitch, the top of the triangle being cut off and the root of 

the thread filled in to form flats, situated one eighth the height of 

the triangle from its apex and base respectively. As in the 

Sellers system : 

Angle = 6o° ; 

Depth s = 0.65 / ; 
Width of flat, / = {. 

o 

The proportions of the system are given, in millimetres, in Table 
XVI. It has been extended to a nominal diameter of 148 mm. 
'5.82 in.) and a pitch of 10.5 mm. (0.4133 in.). At nominal 
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diameters of 80, 96, 106, 116, 126, 136 and 148 mm., the pitches* 
respectively, are: 7, 8, 8.5, 9, 9.5, 10, 10.5 mm. The standard 
screws adopted by the French Navy include the extended series 
as above with certain others intercalated to meet the requirements 
of the service. 

Table XVI. 
French Standard Screw-Threads. 



Diameter. 


Thread. 


Pitch. 
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Effective, 


Depth, 




D. 


d. 


/. 
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2.0 
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2-5 


24 


20.10 


i.95o 


3.o 


30 


2545 


2.275 


3-5 


36 


30.80 


2.600 


4.0 


42 


36.15 


2.925 


4-5 


48 


4I.50 


3.250 


50 


56 


48.85 


3.575 


55 


64 


56.20 


3900 


6.0 


72 


6355 


4.225 


6.5 


80 


70.90 


4.55o 


7.o 



20. International Standard Screw-Thread. 

(Systeme Internationale, 5. I.) 

This system was adopted by the Congres International pour 
V Unification des Filetages, held at Zurich, October 3-4, 1898. Its 
proportions differ from those of the French Standard only in the 
pitches of the screws of 8, 9, 12 and 1 3 mm. diameter, and in the 
insertion in the series of the odd numbered diameters 27, 33, 39, 
45 mm., which were not included in the French system. 

The rules formulated by the Congress apply only to screw- 
bolts of a nominal diameter of 6 mm. and upward. The form of 
the thread is practically that of the Sellers system, excepting that 
a serious defect in the latter is avoided by providing clearance at 
the bottom of the thread. This clearance must not exceed one 
sixteenth the height of the primitive triangle. The top of the 
thread is flat in order to facilitate production and to reduce the 
liability to injury. The shape of the bottom may be flat or 
rounded, the latter being recommended to avoid reentrant angles 
which aid rupture. The dimensions prescribed by the Congress 

* Dimensions given only for bolts at which change of pitch occurs. 
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are given in Table XVII. The pitch of any size intercalated be- 
tween those of standard diameters is to be the same as that of the 
next smaller diameter. The thread, with the full clearance and 
curved bottom recommended, is shown in Fig. 27. The formulae 
are : 

Altitude, a y primitive triangle = 0.866/; 

d= D— 2 x\*a = D — 1.407/; 



s (maximum) = 



D-d 



= 0.7035/; 



/ a. width of flat = 



8 



14, 

Clearance, C (max.) = ->. 

Table XVII. 
International Standard Screw-Threads.* 
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Pitch 
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Pitch 


Diameter, 
D. 


/. 


Diameter, 
D. 


/• 
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D. 


A 
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mm. 
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20 
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8 
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1.50 
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3.5 


64 


6.0 


11 


1.50 


33 


3-5 


68 


6.0 


12 


1-75 


36 


4.0 


72 


6.5 


14 


2.00 


39 


4.0 


76 


6.5 


16 


2.00 


42 


4.5 


80 


7.0 


18 


2.50 


45 


4.5 







21. The British Association Standard Thread. 

This thread was taken, with a slight modification, directly from 
the Swiss system of Professor Thury whose work, for the small 
screws used in watches and scientific instruments, was similar to 
that of Sellers and Whitworth for screw-bolts. Thury's investi- 
gation was undertaken in 1876 at the instance of the Geneva 
Society of Arts. His system, like those which preceded it, was 
formulated from data obtained by measuring the dimensions of 
many screws accepted as well proportioned. The form of the 

* Bulletin Soc. d'Encour., March, 1899. 
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British Association thread is shown in Fig. 28. It is similar to 
that of Whitworth. The angle is 47.5°. The formulae are : 

/ = o. 9 "; 
s = 0.6/ ; 

In these equations the quantities are expressed in millimetres. 
For screws characterized as No. o, No. I, No. 2, etc., the index 
n has the values o, 1, 2, etc., respectively. The equation for/ 
gives thus a gradually decreasing series, each pitch being 0.9 of 
its predecessor. The values of the pitches thus obtained, substi- 
tuted in the equation for D, give the corresponding diameters in 
millimetres, two significant figures only being taken. Table XVIII. 
gives the proportions of this system. 

Table XVIII. 
British Association Standard Thread. 





Exact Dimensions, 


Approximate Dimensions, 




Millimetres. 


Inches. 


No. 


Diameter, 


Pitch 


Diameter, 


Pitch, 


Threads 




Nominal, 
D. 


/• ' 


Nominal, 
D. 


/• 


Per Inch, 
n. 


O 


6.00 


I. OO 


O.236 


O.0394 


254 


I 


530 


O.90 


O.209 


O.0354 


28.2 


2 


470 


O.81 


O.185 


O.03I9 


31.4 


3 


4.IO 


0.73 


O.I 61 


O.0287 


34-8 


4 


3-6o 


O.66 


O.I42 


O.0260 


38.5 


5 


320 


0.59 


O.I26 


O.0232 


43-0 


6 


2.80 


0.53 


O.I IO 


O.0209 


479 


7 


2.50 


O.48 


O.098 


O.OI89 


52.9 


8 


2.20 


0.43 


O.086 


O.OI69 


59.1 


9 


1.90 


0.39 


O.075 


O.OI54 


65.I 


10 


1.70 


0.35 


O.067 


O.OI38 


72.6 


11 


1.50 


O.3I 


O.059 


O.OI22 


81.9 


12 


1.30 


O.28 


O.O5I 


O.OIIO 


90.7 


13 


1.20 


O.25 


O.044 


0.0098 


IOI.O 


H 


1. 00 


O.23 


O.039 


O.OO9I 


IIO.O 


15 


0.90 


0.2I 


O.035 


O.O083 


I2I.O 


16 


0.79 


0.I9 


O.O3I 


O.OO75 


134.0 


17 


0.70 


O.I7 


0.027 


O.O067 


149.0 


18 


0.62 


O.I5 


0.024 


O.OO59 


169.O 


19 


o.54 


O.14 


0.02I 


O.OO55 


l8l.O 


20 


0.48 


O.I2 


O.OI9 


O.OO47 


2I2.0 


21 


0.42 


O.I I 


O.OI7 


O.OO43 


231.0 


22 


o.37 


O.O98 


O.OI5 


O.OO39 


259.0 


23 


o.33 


O.089 


O.OI3 


O.OO35 


285.O 


24 


0.29 


O.080 


O.OII 


O.OO3I 


317.0 


25 


0.25 


O.072 


O.OIO 


0.0028 


353-o 
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In 1900, a committee of the British Association, appointed to 
consider modifications in this thread, recommended, as to the 
screws and nuts from No. o to No. 1 1 inclusive, that the exist- 
ing proportions remain unchanged, excepting that the top and bot- 
tom of the thread be made cylindrical, showing " flats " in section ; 
and that, to provide clearance, the depth of the thread be increased 
by one tenth of the pitch, thus reducing the effective diameter by 
one fifth the pitch. Thus, for screw No. o, the nominal and 
effective diameter, as modified, would be 6 and 4.6 millimetres 
respectively, while the corresponding diameters of the nut thus 
modified would be 6.2 and 4.8 mm. 



22. The Square Thread. 

The relative advantages and disadvantages of this form of thread 
have been discussed in §11. It is used for the transmission of 
power as in screw-jacks, the leading screw of lathes, etc. It is 
more costly than the triangular thread since it must be cut in the 
lathe. The proportions have not been standardized. The practice 
of two prominent companies is given in Tables XIX. and XX. 
The corners of the thread are slightly rounded and occasionally 
a small angle is given its sides, although the thread-form is prac- 
tically square. 

Table XIX. 

Standard Square Threads. 

(William Sellers & Company.) 



Nominal 


Threads 


Effective 


Nominal 


Threads 


Effective 


Diam., 


Per In., 


Diam., 


Diam., 


Per In., 


Diam. , 


D. 


n. 


d. 


D. 


n. 


d. 


jf 


IO 


.1625" 


if 


3 


I.0834" 


9 


.2153 


x l 


3 


I.2084 


A 


8 


.2658 


If 


2| 


I.307 


7 


.3125 


1} 


2j 


1.4 


i 


61 


.3656 


I* 


2j 


1.525 


A 


6 


.4167 


2 


2 \ 


I.6I2 


* 


51 


.466 


% 


4 


1.862 


H 


5 


.512 


2 


2.0626 


} 


5 


•575 


2} 


2 


2.3126 


¥ 


41 


.6l8l 


3 


a 


2.5 


41 


.6806 


II 


i| 


2.75 


If 


4 


.7188 


i| 


2.962 


I 


4 


.7813 


31 


1* 


3.168 


it 


it 


.875 

I 


4 


1* 


34l8 
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Table XX. 

Standard Square Threads. 
(Newport News SmPBrii-nixr. axd Dry Dock Co.) 



PiuMMr. 
N«MftiuJ % A 









IHaaMter. 



Area, Effective, 



perlB., 



04250 
O.5500 
O.6550 
O.7500 

0.S750 
0.9640 

l.OQOO 

1.1070 

1.2<*X> 

i-U7v> 

i. 6000 
i.Sjoo 

i.vVVV> 

2.2500 



0.0S70 


6 


0.141s 


5 


0.2376 


5 


<*£M9 


4-5 


*M4iS 


4 


0.6015 


4 


o.7>» 


3-5 


<^9t33» 


35 


1.0700 


3 


i>?o?> 


3 


i>577^> 


3 


17^9^ 


*5 


2.0106 


*5 


2.6S8o 


*5 


5.1416 


2 


5.9760 


2 


4-<**>7 


2 



Nut, Depth, 
H. 



r 

I 

ii 
:! 

2 

% 

3 
3i 



23. The |-Y Screw-Thretd. 

This thread is a nxxhftcarion of the square and triangular forms 
designed to combine some of the advantages of both types. The 
sikfcs are iiicliuoi at a moderate angle and there are wide flats at 

the top and bottom. As compared with the square thread, the 
various J-V rorats arc sta>nger. being relatively wider at the root; 
they can be cut with a eie. which is not possible with the square 
thread ; the nt in the nut can be mace closer : tine angularity of 
the skies facilitates the engagement arid disengagement of the 
cjvicec nuts usevi with such screws in the lathe and permits also 
the wear oi* the thread to be taken up by dosing the nut; and 
r?i>a.'y tlie thread is cleaned more readily. These advantages are 
cbcained without an excessive increase in trtetion. It fe difficult 
however, to keep the cutting tools to the exact angle of the thread 
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1. Sellers. — Table XXI. gives the dimensions of the Sellers 
hread of this type. The formulae are : 

Angle = 15° on side; 

Nominal diameter = D. 



Table XXI. 

J-V Screw-Thread. 
(William Sellers and Company.) 




**V0l 



Diam. 

Nominal. 

n. 


Pitch, 


Thread*, 
No. Per la. 


Depth of 
Tliread, 


Width 

of Flat at 

Root, 

A. 


Width 

of Flat at 

Top, 

B. 


Ang! tor Thread 

for Y- ■< .1! 5. 


i 


A 


IO 


.0438 


.038 


■0385 


7° 15' 22* 


1 


A 


8 


.0548 


-*>475 


.0481 


6 3 24 


1 


6} 


.0674 


.05% 


-0592 


5 35 37 


A 


I 


< 


.0731 


-o633 


.Q64I 


5 23 26 


1 


Si 


.0797 


.0691 


.07 


5 17 28 


u 




5 


.0877 


,076 


.077 


5 17 25 


* 


{ 


5 


,0877 


.076 


.077 


4 5* ^ 


n 


1 


a 


■0974 


.0S44 


.0853 


4 58 32 


i 


3 


■0374 


.0844 


■0855 


4 37 18 


H 


| 


4 


• 1096 


■°95 


.0962 


4 5i & 




1 


4 


,1096 


.095 


.0962 


4 33 


I | 


I 


M 


1353 


,1086 


.11 


4 37 18 


I J 


f 


3 1 


■«*53 


.1086 


.ir 


4 9 4o 


1 § 


I 


3 


,1461 


.1266 


.1283 


4 24 45 


I 1 


| 


3, 


.1461 


.1266 


.1283 


4 2 46 


if 


A 


*f 


■1594 


.138a 


14 


4 4 33 


I I 


1 


21 


t754 


.152 


-*S4 


4 9 41 


I f 


f 


» I 


<r?54 


-152 


.154 


3 53 5 


2 


1 


2* 


.194S 


.16SS 


.171 


4 2 46 


5| 


t 


M 


.194S 


.16S8 


An 


3 35 52 


2 


.2192 


■19 


.1924 


3 38 33 


*i 


1 


2 


.2192 


>*9 


.1924 


3 iS 44 


3 


1 


a 


.2505 


.2172 


.22 


3 28 u 


it 


1 


t\ 


*25®5 


.2172 


.23 


3 12 11 


A 


it 


.269S 


«234 


.2368 


3 12 11 


3i 


f 


-2923 


-2532 


,2566 


3 14 20 


4 


i 


ii 


.2923 


^2532 


.2566 


3 2 12 


si 


9 


*& 


«3a49 


.2643 


.26S 


2 58 57 


i 


t| 


.3188 


.2764 


,2S 


2 56 41 


4* 


I* 


.334o 


.2895 


.2933 


2 55 22 


5 


4 


*| 


.3507 


-304 


.30S 


2 55 5* 


51 


* 


ti 


■3507 


■304 


^08 


2 46 36 
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Pitch, / = 0.48 V D + 0.625 — O.35 ; 

Depth, * = 0.4384/; 

Flat at root, A = 0.38/; 

Flat at top, B = 0.385/; 

Clearance = 0.01/. 

2. Newport News Shipbuilding and Dry Dock Company. — 
The proportions of this thread are given in Table XXII. 

• ■ Table XXII. 

Standard Bastard Screw-Threads. 
(Newport News Shipbuilding and Dry Dock Company.) 




Diameter, 


Diameter, 


Area, 


Threads 


Width 


Nut, 


Nominal. 


Effective, 


Effective, 


Per In., 


of Flat, 


Depth, 


D. 


d. 


ir^S -s- 4. 


n. 


/-*/. 


r 


0.3333" 


O.0870 


6 


O.0420 


r 


1 


O.4250 


O.I418 


5 


O.0500 




0.5500 


O.2376 


5 


O.0500 


1 


| 


O.6530 


0.3349 


4.5 


O.0560 


ij- 




0,7500 


O.4418 


4 


O.0625 


ii 


ii 


O.8750 


O.60I3 


4 


O.0625 


i| 


O.9640 


O.730O 


3-5 


O.0714 


if 


:i 


I.090O 


0.933I 


3-5 


O.0714 


if 


1. 1670 


I.070O 


3 


O.0833 


2 


1* 


I.2900 


I.3070 


3 


O.0833 


2* 


1! 


1. 41 70 


L5770 


3 


O.0833 


i 


I.4750 


I.7090 


2.5 


O.I 000 


2 


I.60OO 


2.OI06 


2.5 


O.IOOO 


af 


% 


I.850O 


2.688o 


2.5 


O.IOOO 


3 


2.0000 


3.I4I6 


2 


0.1250 


i\ 


2| 


2.2500 


3.9760 


2 


0.1250 


3 


2.5000 


4.9087 


2 


0.1250 


4 



3. Acme Standard (29 ) Thread. — This form has the same 
depth as the similar square thread and its sides are at the same 
inclination as is now adopted generally in cutting worm gears. 
The formulae are : 



Angle of sides 1 



1 4. 5° = 29 ° included angle; 



SCREW FASTENINGS. 
Number of threads per inch = n ; 
Width of flat at top, B = 2^Z22 . 

Depth of thread, s = 1- o.oi ; 

Nominal diameter = D ; 

Effective diameter = D — ( — + 0.02 J. 

Table XXIII. 
Acme Standard (29 ) Screw-Thread. 
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No. ofThds. 


Depth 


Width at Top 


Width at Bottom 


Space at 


Thickness at 


per in. linear, 


of Thread, 


of Thread, 


of Thread, 


Top of Thread, 


Root of Thread, 


n. 


s. 


B. 


A. 


C. 


D. 


I 


.5IOO 


.3707 


.3655 


.6293 


.6345 


Ij 


.3850 


.2780 


.2728 


4720 


4772 


2 


.2600 


.1853 


.l8oi 


.3H7 


•3199 


3 


.1767 


•1235 


.H83 


.2098 


.2150 


4 


.1350 


.0927 


.0875 


.1573 


.1625 


5 


.IIOO 


.0741 


.0689 


.1259 


.13" 


6 


.0933 
.0814 


.0618 


.0566 


.1049 


.IIOI 


7 


.0529 


.0478 


.0899 


.0951 


8 


.0725 


.0463 


.0411 


.0787 


.0839 


9 


.0655 


.0413 


.0361 


.0699 


.0751 


10 


.0600 


.0371 


.0319 


.0629 


.0681 



24. Special Threads. 

1. The Knuckle Thread, Fig. 29, may be considered as formed 
from the square .type by rounding the top and root of the latter 
in curves which* unite. The curvature increases the strength and 
friction of the thread and reduces its liability to injury in service. 
Its advantage lies solely in its fitness for rough usage. 

2. The Buttress Thread, Fig. 30, is a trapezoidal form suit- 
able for producing pressure in one direction only. The driving 
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side is normal to the axis of the screw as in the square thread 
the angle between the sides is usually 45 ° ; and the width of 
the flat at top and bottom is one eighth of the pitch. For maxi- 





Fic 29. 



Fig. jo. 



mum effort in one direction, the thread has the greatest strength 
and least friction attainable. 

3. Modified Buttress Thread. — This thread meets extended 
and important use in the breech-blocks of modern ordnance and 
also in securing armor-plate to the hulls of war vessels. The 
profile of armor-threads as used by the U. S. Navy, is shown in 
Fig. 31, the proportions of various sizes being given in Table 



— •! 




Fig. 3 



XXIV.* One side of the thread makes an angle of 15° with the 
normal to the axis of the bolt, the similar inclination of the other 
side is 45 °, and the top and root are rounded with ample curves. 



Table XXIV. 
Proportions of Bolts for Side, Diagonal, and Belt-Armor, U. S. Navy. 



Outboard End. 



Diameter, 

Nominal. 

IK 

2.080" 

2.68o 

3.200 

3.6H0 
4.216 



Diameter, 

Effective, 

d. 

I.80" 
2.40 

2.88 
336 
3.84 



Inboard End. 


Thread. 




Diameter, 
Nominal, 


Diameter, 

Effective, 

d x . 


Depth, 
s. 


Pitch, 
>• 


Radius of 

Rounding, 

r. 


Armor, 
Thickness. 


I.780" 

2.280 

2.720 

3.I20 

3.576 


I.50" 
2.00 
2.40 
2.8o 

3.20 


O.1414* 

O.1414 

O.1604 

O.1604 

O.T885 


; 

i 

i 


- 


O.030" 
O.030 . 
O.035 
O.035 
O.040 


to 5" inc. 

6" 9 " 

IO "13 " 

14 "17 " 

18 "21 " 



* " Report of Chief of Bureau of Construction and Repair, U. S. Navy," 1896. 
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Modified Triangular Thread. — In modern ordnance, 
Dreech-block is secured by the " Interrupted Screw " method, 
the outer surface of the cylindrical block is threaded to form 
•ew which engages an internal thread in the breech. Neither 
id is continuous, each being divided into sectors, 12 in large 
5, 6 threaded and 6 blank, the surface of the latter being just 
w the root of the thread in the former. Each sector is 30 in 
th and all correspond with similar sectors in the breech-recess 
le gun. In closing the breech, the block is placed so that its 
ided parts are opposite the blanks of the recess. It is then 
ed axially home, turned through 30 , and thus locked by the 
.gement of the threads. 

1 U. S. naval guns the breech-block thread is of the modified 
ress type used upon armor-bolts. Fig. 32 shows in profile 




o./r~^<* 



iiread of the 16-inch U. S. Army rifle. While the sides of 
thread are symmetrical in their inclination to the normal to 
axis, the angle between them is large and there is a full 
iding at top and root. In this gun the maximum powder- 
sure is taken as 37,000 to 38,000 lbs. per sq. in. The dimen- 
s of the block are : 

Diameter of breech-block, D = 25.96" ; 
Diameter at root of thread, rf= 24.82 ; 
Depth of thread, s = 0.57 ; 

Pitch of thread, / = 1.71 ; 

Radius of rounding, top, r = o. 17 ; 
Radius of rounding, bottom, r x = o. 1 1 ; 
Length of threaded portion = 19.89 ; 
Length of threaded sectors = 30 — 0.05". 
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25. Machine and Wood Screws. 

1. Machine Screws are those from j£-in. diameter downward, 
used in metal work. The head is slotted and is either " round " 
(spherical), "flat" (conical frustum), or "fillister" (cylinder with 
spherical top). The nominal diameters of these screws are desig- 
nated by screw-gauge numbers. That of the number o screw is 
0.05784 in. and the difference between consecutive numbers is 
0.013 16 in. Therefore, the nominal (outside) diameter (D) of any 
number (N) may be found from the formula : 

Z>= 0.013 16 .W+ 0.05784. 

An assortment of pitches is given for each diameter of screw, in 
order to provide for the use of the same number with either 
thick or thin pieces, the latter having shallow holes and re- 
quiring finer pitches. These screws are described therefore by 
both the number and pitch. Thus, a " 16-18 machine screw" 
means one of size (screw-gauge number) 16 and 18 threads per inch. 
At the meeting of the American Society of Mechanical Engi- 
neers, held in May, 1902, Mr. Charles C. Tyler presented a paper 
on"A Proposed Standard for Machine Screw Sizes." As to 
present practice, Mr. Tyler states that there are no recognized 
basic reference standards having a generally accepted form of 
thread and diameter ; that the pitches are apparently stand- 
ardized only for the sizes having even numbers, although screws 
and taps are furnished for a number of different pitches for 
each size ; and that the form of the thread varies with differ- 
ent manufacturers. He recommends the adoption of the Sel- 
lers form of thread and the computation of the pitch by the 

formula : 

p = 0.23 VD + 0.625 — 0.175/ 

which formula was proposed by Mr. George M. Bond* in 1882, 
and differs from that of the U. S. Standard only in the coefficient 
being 0.23 instead of 0.24. The change in this increases the 
number of threads per inch more rapidly as the diameter decreases. 
Table XXV., taken from Mr. Tyler's paper, gives present practice 
and the modifications suggested by him. 

2. Wood-Screws. — The maximum diameter of any size of 
wood-screw is measured by the screw-gauge given in the preced- 

*" Standards of Length," G. M. Bond, 1887. 
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Table XXV. 

Machine Screws. 

(Present Practice and Suggested Changes.) 



Present Diameters and Threads per Ttmh of Small Machine Screws. 


Suggested Diameters and 




The Difference Between Consecutive Si tea is .01316+ 


Threads per Inch 
of Small Machine Screws. 


n 




Threads also Furnished. 


m 


Si's . 
Illl 
B 5 « 


ifla'S 

s IS 2 




Pitch. 












.050 


72 


.013889 












,060 


64 


.015625 


1 




56,60,64,72, 


$ 


.07100 


.070 


60 


.016667 


ti 




56. 


A 


.0775$ 


,080 


56 


•017857 


2 


56 


48,64. 


* 


.0B416 


.090 


52 


.019231 


3 




4o,44»4S,5& 


A 


.09732 


.100 


43 


.020833 


4 


36 


30,32,40,42,44,48. 


A 


,11048 


,110 


44 


.022727 


5 




30132,36,40,44,48, 


i 


.12364 


.125 


40 


.025000 


6 


32 


30,36,38,40,44,48. 


.13680 


.135 


40 


.025000 


8 




24,28,30,32,36,40. 


A 


14990 


.150 


36 


,027778 


32 


24i3o» 36*40i44- 


ft 
ft 


.16312 


.165 


32 


.031250 


9 
10 


24 


24,28,30,32. 
20,22,28,30,32,36. 


.17628 1 
,18944/ 


.180 


32 


.031250 


11 




22,2428,30. 


.20260 


.200 


30 


033333 


12 
13 


24 


2o, 22, 26, 28, 30, 32, 34, 36. 
20,22,24,32. 


1 


.21576] 
.22892 f 


.220 


28 


■035714 


15 


20 


16,18,22,24,26. 
18,20,22,24, 


.2420S1 
.25524 / 


.250 


54 


,041667 


16 


IS 


16,20,22,24,26, 


tt 


.26840 








17 




16,18,20. 


£ 


.28156 


.28125 


22 


-045455 


IS 


18 


16,20,22,24,26. 


if 


.29472 








19 




16,18,20,22,24. 


A 


.307881 
.32104 f 








20 


16 


18,20,22,24. 


8 


♦3125 


20 


.050000 


22 


16 


18, 


♦3473& 


.34375 


20 


.050000 


24 


16 


14,18,20,22,24* 


■; 


•3736S 


*375 


18 


.055556 


26 


16 


H- 


H 


40000 


40625 


18 


.055556 


28 


14 


16. 


If 


42632 


.4375 


16 


.062500 


30 


14 


16. 


-45264 


46875 


16 


,062500 




. 








.500 


H 


,071429 



ing table. These screws differ from those used in metal -work for 
two reasons : The screw forms its nut as it enters the wood and 
the material of the nut is much weaker than that of the screw. 
Therefore, the latter is gimlet-pointed, its body tapers, the threads 
are thin and sharp, and the space between them is relatively wide 
in order to provide a wooden nut-thread of sufficient strength. 

26. Pipe Threads. 
The standard system of pipe-threads now used in the United 
States was formulated by Mr. Robert Briggs from the average 
usage of good practice. It was reported upon favorably in 1886 
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by a committee of the American Society of Mechanical Engineers, 
was adopted by various associations of manufacturers, and recom- 
mended by the American Railway Master Mechanics' Association. 
The following extract is taken from a paper presented by Mr. 
Briggs in the Proceedings of the Institution of Civil Engineers of 
Great Britain, Vol. LXXI.: 

" The taper employed for the conical tube-ends is an inclination of I in 32 to the axis. 
... A longitudinal section of the tapering tube-end, with the screw-thread as actu- 
ally formed, is shown in Fig. 33 for a nominal 2 J- in. tube, 1. e., a tube of about 2\ in. 
internal diameter and 2} in. actual external diameter. 



*— f tkrwadm — +2 tin + GmjJtte tkremU -t| 

I imj-rjkct \ full at \ I 

*— - a*£0 —±r-a M 2S-*r 0l89 J 

Fig. 33. 

" The thread employed has an angle of 6o°; it is slightly rounded off both at the top 
and bottom, so that the height or depth of the thread, instead of being exactly equal to 
the pitch, is only J of the pitch or o.8/», if n be the number of threads per inch. For 
the length of tube-end throughout which the thread continues perfect, the empirical 
formula used is : 

(o.8Z> + 4 .8)/«, (34) 

where D is the actual external diameter of the tube throughout its parallel length and 
is expressed in inches. 

" Further back, beyond the perfect threads, come two having the same taper at the 
bottom but imperfect at the top. The remaining imperfect portion of the screw-thread, 
furthest back from the extremity of the tube, is not essential in any way to this system 
of joint and its imperfection is simply incidental to the process of cutting the thread at 
a single operation. From the foregoing, it follows that, at the very extremity of the 
tube, the diameter at the bottom of the thread is : 



32" 



1 + - 2 4^- 8 ] = D- (ao 5 Z> + ,.9) i. (35) 

" The thickness of iron below the bottom of the thread, at the tube extremity, is taken 
empirically to be : 

o.oi75Z>-fo.025. (36) 

" Hence, the actual internal diameter, </, of any tube is found to be in inches : 

</=/>— (0.05/? -f- 1.9)/" — 2(0.0175/? -r 0.025) 

.-. d=zO.<&$D— o.05Z>/»— 1.9/* — 0.05." (37) 

The proportions of the Briggs thread are given in Table XXVI. 
As compared with the Sellers system, the depth of the thread is 
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measured by a greater fraction of the pitch ; but the latter is much 
finer for a given outside diameter and the thread is therefore shal- 
lower and more suitable for the thin walls of a tube. 



Table XXVI. 

Wrought-Iron Welded Tubes. 

(Briggs Standard. ) 

Taper of Conical Tube End ^ Inch Per Foot, or i in 32 to Axis of Tube. 



Diameter of Tube. 


Thickness 


Screwed Ends. 
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at Bottom, 
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End of Pipe, 




O.270 








Inches. 
O.I9 


Pipe, Inches 


Inches. 


J 


O.405 


O.068 


27 


0.334 


0.393 


O.364 


O.540 


O.088 


18 


O.29 


0.433 


0.522 


t 


O.494 


O.675 


O.09I 


18 


O.30 


0.567 


O.656 


* 


O.623 


O.840 


O.IO9 


14 


0.39 


O.70I 


O.815 


i 


O.824 


I.050 


0.1 13 


14 


O.40 


0.9I I 


I.025 


I 


I.048 


I.3I5 


O.I34 


Hi 


0.5I 


I.I44 


I.283 


I* 


I.380 


I.660 


O.140 


Hi 


0.54 


I.488 


I.627 


II 


I.6IO 


I.900 


O.I45 


ni 


0.55 


I.727 


1.866 


2 


2.067 


2.375 


O.I54 


ni 


O.58 


2.200 


2.339 


2} 


2468 


2.875 


0.204 


8 


O.89 


2.620 


2.820 


3 


3^7 


3.5O0 


0.2I7 


8 


0.95 


3.241 


3.441 


3i 


3.548 


4.OOO 


0.226 


8 


I. OO 


3738 


3.938 


4 


4.026 


4.500 


O.237 


8 


I.05 


4.235 


4-435 


4* 


4.508 


5.OOO 


O.246 


8 


I.IO 


4732 


4932 


5 


5.045 


5.563 


O.259 


8 


1.16 


5.291 


5491 


6 


6.065 


6.625 


O.280 


8 


1.26 


6.346 


6.546 


7 


7.023 


7.625 


O.3OI 


8 


1.36 


7.340 


7.54o 


8 


7.982 


8.625 


O.322 


8 


1.46 


8.334 


8.534 


9 


8.937 


9.625* 


0.344 


8 


1.57 


9.328 


9.528 


10 


IO.OI9 


IO.750 


O.366 


8 


1.68 


10.445 


10.645 



27. Stresses in Screw-Bolts. 

The body of a screw-bolt may be regarded as a cylindrical bar, 
subjected in various services either to simple tension or compres- 
sion or to one of these stresses combined with torsion, or, as in 
the flanged coupling, to tension and cross-shear. The thread may 
be considered as a cantilever beam whose section is that cut by a 
plane passing through the axis, as 0~A, Fig. 34. The length of 
this assumed beam is the depth of the thread, s; its depth at the 
support is / — /, where / = pitch and/= width of flat at root; and 
its breadth at the root is the developed distance through which the 
axial section B-C-E extends. This distance, for one convolution 
as nd and for the threads engaged by a nut of depth H ins. and 

* Originally, 9.688. 
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having n= up threads per inch *» nd x Hn. Let the total axial 
load on the bolt = W\ the load per convolution engaged = WjHn 
«= w ; and the permissible tensile and shearing stresses per sq. in.= 
S t and S % = 0.8S,, respectively. Consider the assumed beam with 
regard to : 




1. Shearing of the Thread, i. e. f "stripping" at the root. 
The shearing force = W and is opposed by the section of metal at 
the support or root. The area of this section = breadth x depth of 
beam 

.• . Resistance to Stripping = JF= irdHn{p — /)£,. (38) 

Equating this, for equal strength throughout, to the tensile resist- 
ance of the bolt : 

Tensile Resistance = JF= -■ d*S t = xdHn(p —f)S 9 (39) 



*-$■ 



Spd 



(40) 



S.A*p-f) i6(/-/) 

In the Sellers system, / = //8. Substituting : 

H= 0.357*/. 

2. Rupture of Thread by bending at the root Theoretically, 
the load is uniformly distributed over the surface, which assump- 
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don could be true only of new and perfect threads ; practically it 

may be considered as concentrated at the mean thread diameter. 

Therefore : s 

Moment of Load = W x - = M= S/jc ; 

I Hmtd(p-f) 2 

Section-Modulus at Root = - = ±£ J —!- ; 

c o 

rrr Hmtd(p-ffS t 2 . . 

Resistance to Rupture = W= ^ — J - J — 1 x -. (41) 



Equating (41) and (39) : pds 



H =\jjz^y (42) 

which expression assumes the tensile stress in the bolt and that 
in the thread due to flexure to be of the same intensity. Substi- 
tuting the values for the Sellers system : 

3. Bearing Pressure upon the Thread. — The allowable 
pressure upon the area of the engaged threads, as projected upon 
a plane normal to the axis, depends upon the service of the screw, 
being much greater with fastenings than with screws for the trans- 
mission of power, since, with the latter, friction and wear should 
be as small as possible. The projected area of the threads engag- 
ing the nut is (Fig. 34) : 

- (V 2 - d 2 ) x Hn. 
4 

Letting S b = permissible bearing stress per sq. in. : 

Permissible Load in Bearing = W= - (LP — d 2 ) HnS h . (43) 
Equating (43) and (39) : 4 

n -s h '&~^J 2 ' (44; 

{a) Fastenings.— Letting a = effective area of bolt and A = ag- 
gregate projected area of engaged threads : 

aS % -AS h and | = ^. 

This stress-ratio, the reciprocal of that in (44), is given for the 
Sellers system (77= D) in Table XXVII.* It will be seen that, 

* " Report of the Board to Recommend a Standard Gauge for Bolts, Nuts and Screw- 
Threads for the U. S. Navy," May, 1868. 
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in this system, as the nominal diameter increases, there is an in- 
crease also in the bearing pressure, the latter varying from 0.242 
to 0.331 of the permissible tensile stress per sq. in. Thus, for a 
2-in. bolt of metal whose ultimate tensile stress is 60,000 lbs. 
per sq. in., the permissible tensile stress, allowing for torsion = S t 
= 7,000 lbs. per sq. in. From the table, S b / S = 0.3046, whence S b 
= 2132.2 lbs. per sq. in., which pressure is about the maximum 
allowable for fastenings. 

Table XXVII. 

Ratio of Bearing Pressure to Tensile Stress. 
(Sellers System.) 
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(6) Screws for Transmitting Power, — In such screws, the bear- 
ing pressure varies within fairly wide limits, being determined 
by the character and duration of the work. Reuleaux gives 700 
pounds per square inch of projected area for square and trape- 
zoidal threads, which pressure is given also by Weisbach for 
square threads. Unwin states that for screws constantly in motion 
this pressure should not exceed 200 pounds, and that with no 
power-screw should it be more than 1,000 pounds. 

4. Tension under Static Load. — Under this stress, the body 
of a screw-bolt has a higher elastic limit and a greater ultimate 
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rength than a cylindrical bar of the same metal and of diameter 
^ual to that at the root of the thread. These gains are due to : 
(a) The Reinforcing Action of tlie Thread. — When a cylindri- 
al bar is subjected to simple tension only, it is increased in length 
nd contracted in sectional area. The contraction is gradual, ex- 
ends over a considerable portion of the specimen, and reaches a 
ninimum at the point where rupture occurs finally. To permit 
:he gradual tapering of the specimen in unrestricted contraction, 
:he bar should be originally of the same diameter throughout the 
section subject to elongation. 

If, now, there be turned in the bar one or a series of parallel 
grooves of any form but of the same depth, the tensile stress and 
the tendency to elongation and to contraction of area will be 
greater in the portions of lessened diameter. This reduced sec- 
tion is, however, insufficient in length to permit considerable con- 
traction ; and, further, the latter is resisted by the metal under 
less stress in the ridges of the grooves. In other words, in addi- 
tion to the lessened distance of least diameter through which 
stretching occurs, the ridges oppose the contraction of area and 
the consequent elongation of the reduced section and therefore 
add to the strength of the latter. As a result, the " grooved 
specimen " is stronger under static tensile load than a cylindrical 
bar having the same diameter as that at the base of the grooves. 
Mr. Kirkaldy * was the first to emphasize the effect of the form 
of a specimen upon its ultimate strength. In his report upon the 
Essen and Yorkshire iron plates, he says : 

" When the breadth of a specimen is reduced to a minimum at one point, a greater 
resistance is offered to its stretching than when formed parallel for some distance ; and, 
as the stretching is checked, so will also be the contraction of area and with it will 
be an increase in the ultimate stress." 

Table XXVIII. gives the results of tests made by Mr. James 
E. Howard f upon six specimens from the same i^-in. steel bar, to 
illustrate the effect of turning a reduced section or " stem," 0.798 
in. in diameter on each specimen. Nos. 1, 2 and 3 had cylindrical 
stems, I in., 0.5 in., 0.25 in. long, respectively, connected by full 
fillets to the body ; in specimens Nos. 4 and 5, the stems were 
semicircular grooves of 0.4 in. and 0.125 in. radius, respectively; 
a V-shaped groove was formed in specimen No. 6. 

♦"Experiments on Wrought Iron and Steel," 1862, p. 74. 
t "Proceedings International Engineering Congress,* * 1893. 
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Table XXVIII. 
Grooved Specimens. 



No. 


Elastic Limit, 
Pounds Per Sq. In. 


Tensile Strength, 
Pounds Per Sq. In. 


Contraction of Area, 
Per Cent. 


I 
2 

3 
4 
5 
6 


64,900 
65,320 
68,000 
75,000 

86,000, about. 
90,000 " 


94,400 
97,800 
102,420 
116,380 
I34,96o 
117,000 


49-0 
434 
39-6 
31.6 
23.O 
Indeterminate. 



In Table XXIX. there are given the results of tests made by 
Professor Martens which show that a screw-bolt under static ten- 
sile load is practically equivalent to a specimen with grooves 
turned in it of the same form as the thread-groove and also that 
there was an average increase of 14 per cent, in strength for the 
specimens tested over that of the cylindrical bar having the same 
diameter as that of the root of the thread. The table and the 
following particulars are taken from Professor J. B. Johnson's 
abstract of Professor Martens' paper : * 

"Two grades of mild steel were used for these bolts, all of which were cut from 
round bars originally 35 mm. (1.4 in. ) in diameter. The softer material, having a 
tensile strength of 53,500 lbs. per sq. in., was used for screw-bolts approximately 1 in. 
in diameter, and the harder material having a tensile strength of 62,000 lbs. per sq. in. 
was used for the bolts which were reduced to approximately J in. in diameter. Four 
such bolts were made of each of these sizes of the four styles of thread (sharp V, angle 
55 ; Whitworth; Sellers, and German Society of Engineers. The latter having an 
angle of 53 8' with flats whose height is one eighth that of the primitive triangle), 
making in all 32 bolts with screw-threads which were tested. Two of each of these 
sets were tested in plain tension, the pulling force being applied to the inner face of the 
nut at one end and increased until rupture occurred. 

" The other two bolts of each set were tested also in tension, but under a torsional 
action resulting from the continuous turning of the nut as the load increased to rupture. 
In this case the distortion resulting from the permanent elongation of the bolt was 
nearly all taken up by the movement of the testing machine, the distortion taken up by 
the turning of the nut being the least possible to maintain a continuous torsional action 
at this point. 

"The same bars were also tested as plain tension-test specimens with cylindrical 
bodies and again with grooves turned into them of the same shape as the corresponding 
screw-threads, leaving the same diameter at the bottom of the groove as obtained at the 
base of the threads.* ' 

The ratio f m -s-/ y , given in Table XXIX., is practically unity 
showing that the grooved and threaded specimens are equal in 
strength. The ratio, f m -?- test bar y ranges between no and 119 
and averages 114, giving thus a mean excess of strength of 14 



*Zrits. d. Ver. Dents. Ing., April 27, 1895. 
« Digest of Physical Tests," July, 1896. 
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per cent, for the threaded rods as compared with cylindrical bars 
of the same net area of cross-section. These results apply only 
to static or gradually applied loads. 

It will be noted that the tensile load upon the cross-section of a 
bolt at the root of the thread is not uniform throughout, since the 
metal of the latter opposes the elongation of the section imme- 
diately adjacent at the root, thus increasing its stress beyond that 
existing at the axis. It is apparent that, other things equal, the 
finer the. pitch the more equable will be the distribution of the 
stress upon the minimum cross-section and the greater the resili- 
ence or internal work of the bolt before final yielding. Thus, 
Major W. R. King, U. S. A., in experimenting with gradually 
applied loads upon wrought-iron bolts of one and one half inch 
nominal diameter, U. S. standard, but of varying pitch, obtained 
results as follows : * 



Threads per Inch, 


6 


12 


18 


Relative Tensile Strength, 


i 


1. 21 


1.23 


Elongation, 


0.025 


0.06 


0.08 


Relative Internal Work, 


1 


2.9 


4 



The U. S. standard pitch for one and one half inch nominal diam- 
eter gives 6 threads per inch. The bolts with 1 8 threads per inch 
were the stronger. They yielded finally, neither by stripping nor 
by fracture at the root, but by lateral contraction, so that the 
threads of bolt and nut became disengaged. 

(p) Increased Density of Threaded Section. — Mr. Kirkaldyt 
found that, when the thread was cut with new dies, the strength 
of the threaded section averaged 72.5 per cent of that of a cylin- 
drical bar whose diameter was that of the outside of the thread. 
When, however, old and worn dies were used, the average strength 
was increased to 85 per cent. In the latter case the tendency of 
the tool is to force aside and compress the metal rather than to 
remove it by clean cutting, thus increasing the density and strength 
of the thread and adjacent parts. 

Again, in bolts threaded by the " cold-pressed " method, no 
metal is removed but the thread is raised or spun above the body 
of the bolt so that the diameter of the shank is intermediate be- 
tween those of the top and root of the thread. In frequent 
tests J of mild steel bolts threaded by this method, fracture, under 

* Trans. Am. /«*/. Jfming iLHgtMeers, 1 88$. 
f Box : " Strength of Materials" 1883, P* "• 
J Catalogue Adcl Iron and Steel Mfg. Co., 1899* 
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at gradually applied tensile load, occurred in every instance in the 
shank, leaving the threaded portion intact. The normal reinforcing 
action of the thread is, by this process, aided doubtless through the 
compression and increased density of the thread and adjacent metal. 

(c) Resume. — The experiments of Professor Martens show 
that, for static or gradually applied loads, the ultimate strength 
of the section at the root of the thread is 14 per cent, greater 
than that of a cylindrical bar of the same metal and cross-section. 
This increase in strength is due to the reinforcing action. of the 
thread, and, in some degree, to the greater density of the metal. 
Under sudden and repeated stresses, however, the results would 
probably be less favorable, owing to the appreciable concentration 
of the stress about the bottom of the groove which would produce 
fracture at the reentrant angle. The increase in strength of the screw 
from these causes is, therefore, not considered in designing bolts. 

5. Tension Under Sudden Loads or Impact. — In both ma- 
chinery and structures a bolt may be required to withstand not 
only the tensile stress of a gradually applied or static load but 
also that produced by a suddenly applied load or by impact. 
Examples of such requirements may be found in bridge work, in 
marine machinery, in rock drills, etc. 

Let the static or gradually applied load, P, produce in the bolt 
a total stress, P t and elongation, X. Then, the same load, if sud- 
denly applied, will produce a maximum, momentary, total stress, 
2P, and elongation, 2^, which, after a series of axial oscillations of 
the bolt, will be reduced, when the latter comes to rest, to the 
final stress, P, and elongation, A, due to P as a static load. In 
impact, the load, P, is assumed to act as if it were not only sud- 
denly applied but in motion with a velocity, v 9 such as would be 
acquired by fall through a height, h. Under these conditions, 
P produces a maximum, momentary, total stress, Q, and elonga- 
tion, y, which, when 'the bolt after oscillation comes to rest, are 
reduced to P and A, respectively. Disregarding the weight and 
consequent inertia of the bolt, we have : * 





Q = 
y- 


-(■ 




h 

2 I+ 


•)' 




h 


■)■ 


* Merriman, 


"Mechanics of Mechanics," 1900. Art. 93 



(45) 
(46) 
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When h = o, these formulae become : 

Q = 2P and y = 2k, 

i. e. f the values for a load suddenly applied but without im- 
pact. 

In the three cases cited, the total final stress is P. For this 
stress, the absolute requirement is that the area, a, of the mini- 
mum cross-section of the bolt shall be such that the unit stress, 
P/a, shall not exceed the working stress of the metal. The 
strength of this minimum section is therefore practically the 
measure of the resistance of the bolt to safe static stress. 

Work is the product of a resistance by the distance through 
which the latter is overcome. The external work of impact, 
P(k+y), is resisted by the elastic resilience or internal work, 
% Q X y, of the bolt. The same internal work may be the prod- 
uct of a high average, total stress, y^Q, and a small elongation 
y, or, conversely, of a low stress and a large elongation. 
Under the conditions given, it is apparent that the elastic resilience 
is the measure of the resistance of the bolt to sudden or impul- 
sive stress. 

In order to secure maximum total elongation under sudden load 
and therefore the least value of Q> the sectional area of the unthreaded 
portion of the bolt should be the minimum permissible, i. e., that 
at the root of the thread, which minimum area is determined by 
the static load. The minimum section should extend through 
as great a portion of the bolt as possible, since the total elonga- 
tion depends upon its length. When the area at any point is 
greater than the minimum, the unit stress over that area is less 
than over the latter and the elongation of that part and therefore 
of the bolt will be reduced proportionately and there will be an 
increase in the average stress. 

Equating the external and internal work, we have for a bar of 
sectional area A, length L, and maximum total and unit stresses, 
Q and q, respectively : 2 

K-\ q E 'AL, (47) 

on which K is the internal work or elastic resilience and E is the 
modulus of elasticity for tension. 

Consider two bolts of the same total length, length of shank, 
and area, #, at the root of the thread. In : 



SCREW FASTENINGS. 



8l 



Bolt No. i : Let the length of threaded portion be / and its 
minimum sectional area and maximum unit stress be a and q y re- 
spectively. Let the length of shank be kl and its sectional area be 
na. Then, the maximum unit stress in the shank will be : 



a 
an 



9 = 



Bolt No. 2 : As before, total length = I + &l = /(i + k). Let 
the uniform sectional area throughout screw and shank (disregard- 
ing thread ridges)=tf and the maximum unit stress throughout=^ r 

The elastic resilience of each bolt will be the sum of the internal 
work of its threaded portion and shank. From (47), we have for : 

Bolt No. 1 : 






(48) 



Bolt No. 2 : 



\2EK n 
al n + k 



*-*£('+*>; 



(49) 



I2EK 1 / 



2EK 



al n + nk' 



cl 



!"^^«^^i;^ : iJS«^ 



Assuming the total work, K y as the same in each case, it will be 
seen that f 1 <f f i. c, that, by making the shank of the same 
sectional area as that at 
the root of the thread, 
the maximum unit stress 
upon the bolt has been re- 
duced. The equations dis- 
regard the increase of area 
due to the thread ridges, 
which increase, for accur- 
acy, should be included. 
When there is no impuls- 
ive load and a rigid connec- 
tion is required, there is no advantage, possibly the reverse, in 
increasing the elastic resilience of the bolt by decreasing the cross- 
section of the shank. 



J==fl 



Fig. 35. 



82 MACHINE DESIGN. 

In reducing its section, the shank may be turned down on the 
outside to the diameter at the root of the thread or it may be 
drilled axially from the head inward to the point where the thread 
begins, both as in Fig. 35. The latter method is preferable, since 
it leaves a section which is the stronger of the two in torsion. 
The shearing stress at any point of a section varies directly as the 
distance of that point from the axis, but the resisting moment of 
that stress with respect to the axis varies directly as the square 
of that distance. Therefore, a given area of section is most 
economically used with regard to torsion by so disposing it that 
its fibres shall be remote from the axis. 

Professor Sweet,* in testing solid and drilled bolts, 1 J in. nom- 
inal diameter and 12 ins. long, found that, under gradually ap- 
plied load, the undrilled bolt broke in the thread with an elonga- 
tion of ^ in., while the drilled bolt was fractured in the shank after 
a total elongation of 2\ ins. Assuming the same mean load in 
each case, the ultimate resilience of the drilled bolt was 9 times 
that of the other. " Drop tests," i. e. t those producing tensile 
shock, gave similar results. 

6. Friction of the Screw. — The screw-thread is essentially 
an inclined plane wrapped around a cylinder, as on the bolt, or 
within a hollow cylinder, as in the nut. If the bolt be vertical, 
the wrench engages the nut in a horizontal plane and the axial 
load upon the bolt may be assumed as raised vertically by move- 
ment along the inclined plane of the nut-thread, the force acting 
horizontally. The efficiency of the screw, per se, and that of the 
inclined plane are the same. Sliding friction is generated between 
the bolt and nut threads as they move upon each other. The 
resistance or force of this friction acts along the contact-surfaces in 
opposition to the direction of relative motion of the latter. The 
magnitude of this force is measured by the product of the coeffi- 
cient of friction and the total normal pressure between the surfaces. 

Thread-friction not only reduces the useful work and efficiency 
of the screw, but also adds to the torsional stress within the body 
of the bolt produced by the component of the load which is nor- 
mal to the axis. Therefore, the bolt is subjected, in screwing up, 
to torsion due to the nut and to tension or compression from the 
axial load. The combined stress thus developed, exceeds mate- 
rially the simple axial stress when the nut is screwed home and at 

*A. W. Smith, "Machine Design," 1895, P- I 35- 
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*est. This torsional action is of especial importance in small screws, 
'Which may readily be sheared by excessive force upon the wrench. 

In addition to the friction of the threads, the efficiency of the 
Screw is reduced further by the friction of the rotating member of 
*he pair — the nut or screw, as the case may be — upon its sup- 
port. Again if, as is usual, the turning moment is applied at one 
Side only and not as a couple, there is a lateral thrust upon the 
s Upport with a frictional resistance similar to that of a journal. 

(a) Torsion due to Thread Friction. — The pressure upon the 




Fig. 36. 

threads in computations respecting friction, may be taken as con- 
centrated upon the mean helix or the circumference of the mean 
thread -diameter, d Q , of pitch-angle, d (Figs. 22 and 36). Each 
element of the thread-surface is regarded as sustaining an equal 
elementary portion of the total axial load or stress, W, and each 
element has, therefore, a frictional resistance of the same magnitude. 
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Since the conditions for all elements are thus identical, the total ex- 
ternal forces and thread-resistances may be assumed to be concen- 
trated at a single point upon the circumference of diameter, d . 

In Fig. 36, taking the nut as the turning member, let A-B-C 
be the inclined plane formed by developing one convolution of the 
nut thread of diameter, d . Let A-B be that thread and E-G a 
portion of the bolt-thread. The base of the plane is izd^ the 
height is the pitch, p y and the pitch-angle, d = B-A-C. Consider 
the external rotating force as applied in a plane normal to the 
axis and as tangent to the mean thread-circumference. Let : 

W= total axial load or tension in bolt ; 
P = external force to raise W without friction ; 
/*= external force to raise Wwith friction ; 
P x = external force to lower W with friction ; 
N = direction of thread-pressure, without friction ; 
R = direction of thread-pressure, raising, with friction ; 
R t = direction of thread-pressure, lowering, with friction ; 
ft = coefficient of thread-friction = tan <p ; 
<p = angle of repose or of friction ; 

F= total force of thread-friction in raising W= iV tan <p ; 
F x = total force of thread-friction in lowering W a JVtan (p. 

Square Threads. — Consider the force upon, and the resist- 
ance of, the nut-thread, A-B. To raise J¥, the latter must move 
to the left; to lower it, to the right. The resistances of the 
thread to these movements are the components normal to the 
axis of iVand .Fand iVand F x respectively, which resistances must 
be equal to the corresponding and parallel applied forces, P and P v 

In raising W without friction : 

N is normal to the thread. The resistance is its component 
normal to the axis and opposing P Q , which component is 

a-b = o-a tan d = W tan d = P . (50) 

In raising W with friction : 

The resistances are the components, normal to the axis, of N 
and F. The latter = [iN= N tan <p. The resultant of N and F 
is R, making the angle <p with N. The component of R, normal 
to the axis and opposing P is 

a-c = o-a tan (<p + d ) = Wtan (<p + d Q ) = P. (51) 
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From (50) and (5 1) it will be seen that the resistance of friction is 
equivalent to increasing the angle B-A-Cof africtionless plane by <p°. 

In lowering W with friction : 

The resistance are the components, normal to the axis, of N and 
F v The latter = /iN = N tan <p. The resultant of N and F x is 
R v making the angle <p with, and lying to the left of, N. If 
if > 8 Qt the angle between R x and the axis is <p — 8 , and the com- 
ponent of R x normal to the axis and opposing P x is 

a-d = o-a tan (<p — 8 Q ) = W tan (<p — d ) = P v (52) 

In "overhauling" screws, the pitch is so coarse that the load 
is capable of reversing and lowering the screw. If, in (52), 
3 = <p, then will tan (<p — 8 ) = o .-. P x = o. The pitch-angle is 
then equal to the angle of repose and no force will be required 
either to lower the load or to hold it in equilibrium. If, as in Fig. 
36, a, 8 > w, then R v the result- 
ant of N and F v will lie to the 
right of the axis and its compo- 
nent normal to the axis will be e-a, 
which acts in the direction of the 
lowering force, P v Therefore, the 
screw, if not sustained by a force, 
P 9 will overhaul, with a torque 
equal to the product of W tan 

(^0 ~~ 9) ty * ts l evera g e > ^o/ 2 - 
Screws of this type are met infre- 
quently and, as a rule, in light 
mechanisms only. Usually, fi lies 
between o. 10 and 0.20, giving val- 
ues of if of about s° 45' and 1 1° 
30', respectively. In Table XIX., 
for J^-in. and 4-in. screws, 8 is about 8° 45' and 3 15', respec- 
tively. These values are for square-threaded, power-screws whose 
pitch is twice that of corresponding screws of the U. S. Standard. 
Triangular Threads, — In Fig. 37, let iVand N 9 be the normal 
pressures upon square and triangular threads, respectively. Then 
N 1 =s N sec fi, in which /9 is the base-angle. Letting F 1 = the 
factional resistance of a triangular thread, we have, since for the 
wjuare thread, F= pN: 

F 1 = jxN' = (ju sec /?) N= F sec £. 




Fig. 37. 
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As compared with the square thread of the same pitch-angle, 
the friction, F' y is, therefore, sec ft times greater. Hence, the re- 
sisting component, normal to the axis, will be increased propor- 
tionately; and, in the formulae leading to equations (51) and (52), 
we may replace [x by ft sec ft. From these equations, we have: 

/> = w . _^ n _.f. + ten 8 o . = w . Jf JrJ^A = w . t* d * + P . 

1 — tan <p tan <J 1 — (jl tan 8 nd — ftp* 

and, similarly, p = W ^^ "~ P 

Replacing (i by (i sec ft : 

^ xd - ft sec ftp* " 3; 

^~ W 7rd + psecftp' ™ 

These are the equations for the raising and lowering forces, P 
and /*, respectively, which, considering friction, require to be ap- 
plied tangentially to the mean thread circumference of a triangular- 
threaded screw. The form of the equations is that given by Unwin. 
In the Sellers system, ft = 30 and sec ft = 1.15. Substituting: 

P=W . ^S^d 0+ p 

7Td - IAS ftp 9 W ' 

P i=W ^J^-P (6) 

1 7Td Q + 1.1$ (lp V ' 

Thus, the J-in. bolt has, in this system, the maximum inclination 
of the thread and hence the greatest tendency to be sheared by 
torsion. For this bolt, 

D+ d 0.25 + 0.185 
/ = 0.05 and d = — £— = - = 0.2175. 

Taking ji = o. 1 24 : 

P=o.22lV. 

With an ultimate tensile strength of bolt-metal of 60,000 lbs.: 

nd % 
W= — x 60,000 = 1,613 l bs -J 
4 

P= 1613 x 0.22 = 355 lbs., 

i. e., a force of 355 lbs. applied, under the conditions as above, to 
a J-in. screw-fastening will rupture the latter by tensile stress. 
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The assumed value of (i is suitable only for accurately fitting, well- 
lubricated threads. Owing to viscidity of the lubricant, the pres- 
ence of foreign matter, or rough surfaces from abrasion, the coeffi- 
cient will be usually much higher with a corresponding increase 
in friction and torsional stress. 

(p) Coefficients of Friction for Screw- Threads, — In average cases, 
the value of fi is taken as 0.15. This assumes fair conditions of 
surface and lubrication. Under other circumstances the coefficient 
may reach 0.40 or more. Professor Albert Kingsbury * has con- 
tributed to the meager knowledge available upon this question, 
the results of valuable experiments conducted by him and apply- 
ing especially to slow-moving power-screws. 

The tests were made upon a set of square-threaded screws and 
nuts of materials as given in Table XXX. and of dimensions as 
follows : 

Outside Diameter of Screw 1.426 inches. 

Inside Diameter of Nut 1.278 " 

"Mean Diameter" of Thread 1.352 " 

Pitch of Thread 333 " 

Depth (effective) of Nut 1.062 " 

The nuts fitted the screws very loosely, so that all friction was 
excluded except that on the faces of the threads directly supporting 
the load. Four sets of tests were made. The maximum total load 
was 14,000 pounds in all tests excepting No. 4, in which it was 
4,000 pounds. Readings were taken at pressures given in the 
table. The total bearing area of thread was approximately one 
square inch, so that the total axial load was equal to the pressure 
per square inch upon the thread. 

The lubricants were a purely mineral " Heavy Machinery Oil " 
of specific gravity, 0.912, and "Winter Lard Oil" of sp. gr., 
0.919. The former, in test No. 3, was mixed, in equal volumes, 
with graphite, the brand being Dixon's " Perfect Lubricator." 
The screws and nuts were flooded with lubricant immediately 
before the tests. 

The threads were carefully cut in the lathe and had been worn 
down to good condition by previous trials. Screw No. 5 was not 
quite so smooth as the others. The speed was very slow, being 
about one revolution in two minutes and the motion, in tightening 
especially, was also somewhat irregular, so that the action between 

* Trans. Am. Soc. Mech. Engs., Vol. XVII. 
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screw and nut was quite similar to that occurring when machine- 
bolts are set up in comparatively unyielding material. The re- 
sults are given in Table XXX. Each figure in test No. I is the 
average of eight readings ; in the remaining tests, of four readings. 

Table XXX. 
Coefficients of Friction for Square Threads. 





Nuts. 




Screws. 


6 
Mild 
Steel. 


Wrought 
Iron. 


8 
Cast 
Iron. 


Cast 
Brass. 




1. Mild Steel. 

2. Wrought Iron. 

3. Cast Iron. 

4. Cast Bronze. 

5. Mild Steel, Case Hardened. 


O.141 

O.I39 
O.I25 
O.I24 
O.I33 


O.I6 

O.I4 

O.I39 

O.I35 

O.I43 


O.I36 
O.I38 
O.II9 
O.I72 
O.I3 


O.I36 

O.I47 
O.I71 
O.I32 
O.I93 


Test No. i. 
Heavy Machinery 
oil. 

Pressure, 10,000 
lbs. per sq. in. 


1. 
2. 
3- 
4. 
5. 


O.I2 
•0.1 125 

O.IO 

0.1 15 
0.1 175 


O.I05 

O.IO75 

O.IO 

O.IO 

O.O975 


O.IO 
O.IO 

0.095 

O.II 

0.105 


O.II 
O.I2 
O.II 

0.1325 
0.1375 


Test No. 2. 
Lard oil. 
Pressure, 10,000 
lbs. per sq. in. 


1. 
2. 

3. 
4- 
5- 


O.III 

0.089 
0.1075 
0.071 
0.1275 


O.0675 

O.07 

O.07I 

0.045 

0.055 


0.065 

0.075 
0.105 
0.044 
0.07 


0.04 

0.055 
0.059 
0.036 
0.035 


Test No. 3. 
Heavy Mach'yoil 
and Graphite. 
Pressure, 10,000 
lbs. per sq. in. 


1. 
2. 

3- 
4. 
5- 


0.147 

0.15 

0.15 

0.127 

0.155 


O.I56 

O.I6 

O.I57 

O.I3 

O.I775 


0.132 
0.15 

0.14 

0.13 
0.1675 


0.127 

0.117 

O.I2 

0.14 

0.1325 


Test No. 4. 
Heavy Machinery 
oil. 

Pressure, 3,000 
lbs. per sq. in. 



Professor Kingsbury's conclusions are : 

" That, for metallic screws in good condition, turning at extremely slow speeds, under 
any pressure up to 14,000 lbs. per square inch of bearing surface and freely lubricated 
before application of the pressure, the following coefficients of friction may be used : 



Coefficients of Friction. 



Lubricant. 


Minimum. 


Maximum. 


Mean. 


Lard Oil, 

Heavy Machinery Oil (Mineral), 
" " " and 1 
graphite in equal volumes, J 


O.09 
O.II 

O.03 


O.25 
O.19 

O.I5 


O.I I 

O.I43 

O.07 



With regard to the value of the coefficient to be used in design- 
ing power-screws, Professor Kingsbury says : 

" That (the value) depends upon the object of the design. If the screw is to be made 
so that it could not overhaul under the most favorable conditions, with either lard oil or 
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leavy machinery oil, probably 8 per cent, would be the highest allowable coefficient ; 
ind, for a certain margin of safety, a somewhat lower figure. If the driving mechan- 
ism is to be designed with a view to making the screw turn, even if perfectly dry, prob- 
ably 30 or 40 per cent, would be the figure. If the amount of power likely to be lost 
in the long run is what is wanted, probably 15 per cent, would be a safe coefficient for 
everyday work. This might be reduced to 10 per cent, with lard oil under the best 
conditions and at the speeds used in these experiments.' ' 

Mr. Wilfred Lewis states that, "for feed screws which turn 
slowly, p = o. 1 5 may be taken as a good gen- 
eral average/ ' 

(c) Friction of the Support. — The thrust of a 
power-screw may be taken by the end of the 
screw itself upon a plane step-bearing whose 
maximum diameter is equal to the effective 
diameter, d, of the screw or the thrust may be 
borne by an annulus forming a collar-bearing 
at the end of the threaded portion. Both types of 
bearing are indicated in Fig. 38. In fastenings, 
the thrust and force of friction act between the 
under surface of the nut and the washer, the 
leverage of the force being about two thirds 
the nominal diameter, D, of the bolt. Let : 
W = total axial load ; 
fi f = coefficient of friction ; 

Wjut f = force of friction ; 

r = radius of plane step bearing of diameter, d ; 

R x and R 2 = outer and inner radii, respectively, of collar-bearing ; 
R = y^ D = leverage of Wfi' in nut. 
Then, the moment of the friction in the : 




Step Bearing = Wfi 1 - ^ r ; 



Collar Bearing = Wp'- ^ 



R*-RJ 



R 2 — R 2 ' 



Nut= Wfi f -%D. 



(57) 

(58) 

(59) 

Hie reduction of the moment by the use of a step-bearing is ap- 
>arent. This form, however, produces the most uneven wear 
ind usually the greatest unit pressure. 

In addition to the vertical load there is usually a sidewise 
hrust on the screw-support, since the power is generally applied 
ts a single force and not as a couple. This produces lateral pres- 
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sure and friction between the threads or shank of the screw and 
the support or nut and connected parts. The action resembles that 
of a shaft journal. Views as to the distribution of friction in the 
latter are somewhat conflicting. In practice, the total pressure is 
assumed to be divided uniformly over the projected area of the 
bearing surface. 

7. Combined Torsional and Tensile or Compressive 
Stresses. — The axial load upon a screw produces a tensile or 
compressive stress and the external force applied to the nut in 
order to raise the load, develops a shearing stress. Disregard- 
ing the reinforcing action of the thread, both stresses may be 
assumed as acting upon the effective area only of the bolt. Then, 
the unit tensile stress will be equal to the total load divided by 
the effective area and the unit shearing stress at the outer circum- 
ference of the area — where that stress is a maximum — will be 
equal to the twisting moment divided by the polar modulus of 
the section. Referring to Fig. 36, the twisting moment is P x 
'dj2. Then : 

- . ltd 2 

Unit tensile stress = W -. = S t ; (60) 

__ . . _dl 16 8Pd n ~ ,^ v 

Unit slieanng stress = P — • —7$ = —73 = S a . (61) 

These stresses coexist and combine to produce a maximum, unit 
tensile stress upon a plane whose angle with the axis depends 
upon their relative magnitude. Similarly, they combine to pro- 
duce a maximum unit shearing stress upon a plane whose angle 
differs from that of the first but is governed by similar conditions. 
Evidently, the required effective area will depend upon the inten- 
sity of these resultant stresses, the formulae for which are : 



Maximum tensile unit stress =i^+ V S 2 + \S 2 = S t max.; (62) 



Maximum shearing unit stress == V S 2 + ^S 2 = S s max. (63) 

When a screw which is so short that it may be treated as a strut, 
is under compression, the maximum compressive and shearing unit 
stresses may be found by replacing S t in (62) and (63) by the unit 
compressive stress. In designing a screw for a given load, the 
maximum stresses, as above, must not exceed the elastic strength — 
of the metal. The usual practice, as given in § 29, is to assign a* 
reduced working stress to the material as the diameter decreases - 
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The experiments of Professor Martens — the results of which 
are given in Table XXIX. — show the weakening of the effective 
section of the bolt to axial tensile load which results from the 
torsional action of the nut. His conclusions, from these tests, 
are : 

" The weakening effect of the turning of the nut under stress at rupture, is much less 
than might have been predicted, when the distortion of the screw below the nut by per- 
manent elongation is taken into consideration. The tests indicate, for this case, a 
strength of the I -in. bolts about 20 per cent, less than that of the plain bars and of the 
^-in. bolts about 15 per cent, less than that of the plain bars. In general, it may be 
said that the turning of the nut upon the bolt at rupture reduces the strength of the nut 
section of the bolt by about 30 per cent." 

8. Cross Shear. — In the flange coupling shown by Fig. 39, 
the bolts transmit the torsional stress from one section of the shaft 
to the next, and, if accurately 
fitted to the bolt-holes, are 
exposed practically to cross 
shear only, there being no 
bending stress and the tensile 
load, due to drawing the 
flanges together, being rela- 
tively slight. The usual 
method of design is to assume 
the diameter of the bolt circle and equate the resistances to shear- 
ing of the shaft and bolts, the result being an equation in terms of 
the diameter and number of the latter. Let : 
R = radius of centre of bolt-holes ; 
D = diameter of shaft ; 
d = diameter of bolts ; 
n = number of bolts ; 
T.M. = maximum twisting moment on shaft ; (force, T.F.) 
R.M. = resisting moment of shaft ; 
TJMJ = twisting moment at bolt centres ; (force, TJFJ) 

R.S. = aggregate resistance of bolts to shearing. 
The resisting moment to shearing of a circular section is equal 
to the product of the shearing stress, S a , at its periphery by the 
polar modulus of the section, xd 3 /i6, where d is the diameter. 
T.F. is expressed in terms tff the unit radius and will be to TJFJ 
inversely as their respective radii. We have : 
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Fig. 39. 
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T.M. = R.M. = ~S M ; 
16 *' 

T M -IP 
T'F 1 • TF •• i • R • T'F 9 *= =-* 5 • 

7:d 2 
R.S. = — x n x o,. 

Equating the values of TJFJ and R. S.\ 






i^nR ' 

To allow for inaccurate fitting and, therefore, for slight bending, 
the shearing stress on the bolts is usually made three fourths of 
that on the shaft. Introducing this fraction : 

R is usually 0.75 to 0.8 times D. The number and diameter of 
the bolts are interdependent. If it be desired that the outside 
diameter of the cbupling shall be as small as possible, n should 
be increased and d decreased, n is usually a multiple of the num- 
ber of duplicate sections of the crank-shaft. The bolts may be 
either headless taper bolts or " body-bound " and cylindrical with 
heads, as shown in Fig. 39. With the former type the weight of 
the head is saved and a rigid joint ensured. The objections to it 
are the accurate fit required, and, owing to the tapering hole, the 
impossibility of making the sections of a crank -shaft interchangeable. 
It will be noted that the analysis assumes the shearing stress to be 
distributed uniformly over the cross section of the bolt. While 
this assumption has sufficient practical accuracy, the stress upon the 
bolt-section varies in intensity, being greatest upon that side of the 
section which is most remote from the centre of the shaft. 

9. Stress in Cylinder-head Studs. — The stress in bolts used 
in securing steam-cylinder covers and in other joints requiring to 
be tight against fluid pressure, is affected by somewhat complex 
conditions. The joint may be made metal to metal and ground 
or a gasket may be interposed between the flanges. The ma- 
terial of the latter depends upon the steam pressure and the cor- 
responding temperature. Rubber and sheet asbestos, plain or in 
combination, and copper in corrugated sheets, wire, or wire-gauze, 
are used for this purpose. 
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The bolts, the flanges, and the gasket (if any), are all more or 
less elastic. The bolts are set up with an initial tension which is 
opposed by the force due to the compression of the flanges and 
gasket. Later, steam is admitted to the cylinder placing an addi- 
tional tensile load upon the bolts, 
which load elongates the latter 
still further and thus reduces 
the compressive force, as above. 
Referring to Fig. 40, let : 

S t = initial unit stress in bolt ; 

S e = initial unit force on bolt 
due to compression of gasket and 
flanges. 

Then : S t = S e . 

Fig. 40. 
When the steam enters the cylin- 
der, the forces acting unon the bolts are the maximum load, W y 
due to the steam and the reduced compressive force between the 
flanges. These forces are opposed by the tensile stress within 
the bolt. Let : 

S w = unit force on bolt corresponding with external load, W\ 
Sf = unit force on bolt corresponding with reduced compres- 
sion between flanges ; 
Sf = unit tensile stress in bolt when load, IV, is applied. 

Then: S/-S.+ SJ. 

If the bolt stretches by an amount equal to the initial compres- 
sion of the other members, Sf = S w , and the joint will open. On 
the other hand, with a short, rigid bolt, connecting ground flanges 
without gasket, the elongation will be relatively small and, with 
high initial stress, the value of Sf approaches S w , plus the initial 
compressive force, S e . In any event, for a tight joint, the intensity 
of Sf must exceed S w and Sf must be greater than zero. In 
Table XXXI., there are given the numbers, diameters, working 
stresses, and ultimate unit strengths of the cylinder-head studs for 
the high-pressure cylinders of some of the later vessels of the U. S. 
Navy. The area under load includes that of the cylinder and 
counterbore plus, in some cases, a portion of that over the ports. 
When a cylinder liner is used, the counterbore may be only ^ 
inch deep. 
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Table XXXI. 

Steel Studs for Cylinder Covers. U. S. Navy. 



H. P. Cylinder. 


Studs. 


Diameter, 
Ins. 


Initial Press. 
Gauge, lbs. 
per sq. in. 


Total Area 
Inside of 
Flange, 
sq. ins. 


Total Load 

at Initial 
Press., lbs. 


Number. 


Diameter. 


Stress per 

sq. in. of 

EC Area at 

Initial 
Press., lbs. 


Material of 
Tensile 
Strength 

(Minimum) 
lbs. per 
sq. in. 


H 

20} 

30 

35 
38* 


250 
250 
200 
250 
250 


153 
342.25 

921.3 
I484 
I720 


38,250 

85,562 

184,260 

371,000 

430,000 


18 
28 
24 
38 
38 


* 

* 

I! 


7036 
7240 
7264 
7539 
7469 


8o,000 
8o,000 
8o,000 
75,000 
75,000 



28. Stresses in Nuts. 

1. Shearing, Rupture, and Bearing Pressure upon the 

thread. The conditions as to these stresses are similar to those 

which exist with the bolt-thread, excepting that, as the diameter 

at the root of the nut-thread is the nominal diameter, D, plus the 




W 

Fig 



R 



i. 41. 



clearance spaces, the total section at the root to resist shearing 
and rupture and the projected area of the thread are slightly 
greater than those of the bolt. 

2. Bursting Stress. — In Fig. 41,* let: 

W= axial load upon the bolt ; 

* " Report of Board to Recommend a Standard Gauge for Bolts, Nuts, and Screw- 
Threads, U. S. Navy," May, 1868. 
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JV = normal pressure upon one half the thread, resolved in a 
direction perpendicular to any single element of its heli- 
coidal surface ; 

B = component of N acting in a direction perpendicular to the 
axis of bolt ; 

/? = base-angle of thread ; 

<p = angle of repose or friction. 

Then, without friction : 

W 

W= 2iVcos B .-. N= 3 ; 

r 2 cos p ' 

r> ,r • n W SVl fi W 

B = Nsm i? = 4 = tan B. 

r 2 cos ft 2 r 

Considering friction, the true direction of pressure, R, is inclined 
to the normal, N 9 by the angle <p ; and, as the tendency of W to 
resist and reverse the nut is opposed by the friction, the bursting 
effect of W will be reduced and the angle between W and R be- 
come^ /9 — ip . Then : 

W 
5- T tan 09- f). (65) 

In the Sellers system /9=30°. Taking /z = tan <p = 0.124, 
<p = 7° 04' and /? — y> = 22 56'. Hence, 

^= — tan 22 56' = 0.2115 W. 

A given axial load, W t produces, then, a bursting pressure, B 
= 0.2 W; and, therefore, the vertical section, through the short 
diameter of the nut — the stress upon which section resists B — 
should be two tenths the effective bolt-area, since the stress upon 
the latter sustains W. 

The total width of the resisting section of the nut is d n — Z>, 
where d n = short diameter of nut and D — nominal diameter of 
bolt ; the height of the section is that, H= D y of the nut. For 
convenience, assume the nominal area of the bolt as effective in 
sustaining W. Then 

H(d K -D) = D(d n -D) = -l?x 0.2115, 

4 

.-. d = 1.166Z?. 
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Since, in this system, d n = 1.5D + ^ in. for finished nuts, there is 
a considerable excess of strength to resist bursting. 

29. Efficiency of the Screw. 

Consider the screw with regard to : 

1. Loss of Power. — The efficiency is the ratio between the 
useful and total work. Disregard journal friction, as absent or 
uncertain. 

(a) Square Threads, — From Fig. 36 and equations (50) and 
(51), we have, for the thread only, per revolution, in raising W 
with friction : 

Useful Work P .7rd Wten o .~d 



Total Work P.7rd Wtrn (8 + ip)jzd^ 

__-LA__- (66) 

tan (<J + f) ' 

which expression gives the efficiency, E, of the screw-thread for 
any given pitch-angle, 8 , of the mean helix and any angle of repose, 
<p. When the screw is employed solely for transmitting power, 
the pitch-angle of maximum efficiency should be used, if practi- 
cal considerations do not prevent. Differentiating (66) and put- 
ting the first derivative equal to zero : 



whenc 
mum. 


dE cot (8 + if) 
do cos 2 8 Q 

e S == 45 — <p J 2, which 
Substituting in (66) : 

tan 

E(max.) =. — 

tan 

0.105, y> = 6°, <? = 42°, 


1 
sin 2 

value 

1(45' 


tan d 
of 8 will 

-5) 


0; 
make E a maxi- 


If/i- 


1(45' 

and 


■♦9 

E=o.8i. 


Grood practical 



reasons make it undesirable to use so large an angle. Multiple 
threaded screws, however, owing to their ample bearing surfaces, 
permit relatively steep pitches. 

For the friction of the support, we have, for a screw whose 
thrust-collar has a mean friction-diameter, D \ a work of collar- 
friction per revolution equal to the force of friction multiplied by 
its circumferential path = W/i'.ttD' = Wtan <p* \nD \ This work 
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must be added to that expended on the thread in order to find the 
total work. Hence, including thread and collar-friction : 



E f = 



W tan d .7td 



W tan (8 + <p) 7rd + W tan <p ' .nD' 

tan 8 n 



(67) 



D' 



tan (8 + <p) + — tan tp' 



Assuming the same coefficient of friction for thread and collar, 
tan <p f = tan <p = ft and E becomes a maximum when 



cot 8 Q = ft + -p- 

In the table relating to square-threaded screws which follows, 
the efficiencies have been calculated, but, in several cases, they 
have been checked by experiment and found to be fair average 
values. The efficiency of any screw will, of course, vary widely 
with the amount of lubrication. The same coefficient of friction 
— /£= 0.15, ^> = 8 30 r — is taken for both thread and thrust- 
collar. The diameter of the latter is assumed to be that of the 
thread. E = the efficiency per cent, when there is no friction be- 
tween the thrust-collar and its bearing; E 1 = the efficiency per 
cent., allowing for thrust-collar friction. 

Table XXXII.* 
Approximate Efficiencies of Square Threaded Screws. 



Angle of Thread, fi 


E 


E 


2° 


19 


11 


3 


26 


14 


4 


32 


17 


5 


36 


21 


10 


55 


36 


20 


67 


48 


45° -f 


79 


52 



The efficiency of a square-threaded screw in lowering W may 
be found from the values of the useful and total work by a process 
similar to that given for the efficiency in raising the weight. 

* Goodman : " Mechanics Applied to Engineering," 1899, p. 204. 
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(If) Triangular Threads. — From equation (66), we have for the 
efficiency of a square thread : 

% tan 3 n + tan <p 
tan <? -3- - ° A . A Y • 
I — tan d tan <p 

Replacing tan <pby // sec /?, we have, in raising Wwith friction 
in triangular-threaded screws, /^r the thread only, the efficiency : 

E-tn» % .\-*?Zl*±±. (68) 

tan d Q + fit sec p v 7 

For the friction of the nut on its washer or boss — assuming the 
mean friction diameter of the nut as £ of D, the nominal diameter i 
of the bolt — we have a work of nut-friction per revolution of 
H'tan f ' • f^A which work must be added to that expended on 
the thread. Hence, including thread and nut friction, as in (6fj\ 

Wtan S A 7td n 



E' 



"0 "**0 



IF tan (8 + <pytd 9 + Wtan f' ■ $izD 

tan* 

" tan * + tan f 

Replacing tan f by /* sec p and tan <p ' by /t': 

tan 5. 



(69) 



/:' 



"• 



I _ tan * /* sec £ ^ * ' • n 



In the Sellers system, sec ,9 ** 1,15, Hence : 

*'-- . **-' (7<> 

tan ^ + i.i 5 ^ 

1 — 1.15 «tan t^ ^^ ' • 

Th^ efficiency of a tmn^lar<hreaded screw in lowering H 7 may 
ho found by a similar process. 

Mi. WWnod l^cwis £ives the following aispraadmate fonnute 
foi tho o\temAl foroc And efficiency of triangxilar-ihraKkd screws* 
which formula he stAtcs Arc Applicable with a dwe degree of ac- 
curacy to ffK^ of the cascs which occur in practice. Let: 
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p ss pitch of screw ; 

D = outside diameter of screw ; 

P= force applied at circumference (of screw) to lift a unit of 

weight ; 
E* = efficiency of screw in lifting. 

Then: P=£+£ and ^-^ W 

Experiments,* conducted by Mr. James McBride to deter- 
mine the efficiency of a screw, gave results in accord with 
the formulae given above. The test was made with an ordinary 
2-inch screw-bolt, not especially prepared. The thread was of the 
standard V-shape and of 0.22-inch pitch. The nut was not faced 
and had the flat side to the washer, the latter being of malleable 
iron, not faced. The contact-surfaces of nut and washer and the 
threads of nut and bolt were well lubricated with lard oil. The 
axial, tensile load upon the bolt was 7,500 lbs. The nut was a 
good fit, and, when not loaded, was easily run up and down the 
bolt with the fingers. Wrenches of different lengths were applied 
to the nut and a known force which would just move the latter, 
exerted upon each wrench. The ratio between the useful work of 
lifting the weight and the total work expended upon the nut, gave 
the efficiency, which, for 5 tests, averaged 10.19 per cent. 

The effective diameter of a 2-inch bolt = 1.7 12 in. The mean 
thread diameter, d , is therefore 1.856 in. The pitch = 0.2222 in. 
and tan d = //;rd? = 0.038 in. Assuming // = o. 1 5 and //' = o. 10, 
and substituting in formula (71), we find E' = 10.7 per cent. 
Again, substituting the values of / and D in formula (72), we 
find E r = 10 per cent. The theoretical and experimental results 
are hence practically the same. 

2. Loss of Axial Strength. — In screwing up a nut, the bolt 
is subjected to the tensile or compressive stress corresponding with 
the axial load produced and to the torsional stress developed 
through the action of the nut-thread on the bolt-thread. The 
torsional action results from thread-friction and from that com- 
ponent of the axial load which must be overcome in order to move 
the latter up the inclined plane of the screw. 

The measure of torsion is the twisting moment, T.M., the latter 
being the product of the force, P 9 Fig. 36, by its lever-arm d /2 

* Trans. Am. Soc. Mech. Engrs., Vol. XII. 
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= /. For equilibrium, the twisting moment must be equal to the 
resisting moment. The latter, for a circular section, is the product 
of the unit shearing stress S a , at the periphery of the section by 
the polar modulus of the section, which is nd*\\(> y where d is the 
diameter. Taking, for convenience, d = d 9 we have / = d/2 and ; 

TJf.-H-S..%.:P-S..'%> ( 73 ) 

i. e. y if S a be the greatest allowable shearing stress in all bolts, the 
turning force P> which may be applied as above with safety, varies 
as the square of the diameter. This condition prevails also with 
the axial load, since that load by (60) is 

in which S t is the greatest allowable tensile unit stress. 

The relation between the twisting force and the axial load is 
given by (51) as : 

P = Wtam (3 + <p). 

<p is here a constant for all screws under similar conditions of sur- 
face and lubrication. The angle, <J , is, however, in the Sellers 
system, variable, being a maximum at the smallest diameter. For 
example, it is 4 u' for the £-inch screw and i° 45' for the 3- 
inch screw. Replacing W in (51) by its equivalent: 

nd 2 
P=S t .— t<m(d + <p), 

in which <p may be regarded as simply a constant addition to d . 
It will be seen that, while P produces a shearing stress which varies 
as d 2 , it develops a tensile stress varying not only as d 2 but also 
as tan (d Q + <p). Since tan d increases with decreased diameter, it 
is evident that, with the same tensile stress in two bolts of different 
diameters, the shearing stress will be larger in the smaller bolt. 

The disadvantage of this increased shearing stress in setting up 
the nuts of small bolts, is aggravated by the tendency of the aver- 
age mechanic to put excessive force upon the wrench in such cases. 
As a result of a series of tests made at Cornell University, Pro- 
fessor Barr * concludes : 

"(a) That the initial tensile load due to screwing up for a tight joint varies about as 
the diameter of the bolt — that is, a mechanic will graduate the pull on the wrench in 

* "Notes on Machine Design," 1 900, p. 106. 
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about that ratio, (b) That the load produced may be estimated at 16,000 lbs. per 
inch of diameter of bolt, or 

P x = 16,000 d, 

in which P x is the initial load in pounds due to screwing up, and d is the nominal (out- 
side ) diameter of the screw thread. * * * If the initial load due to screwing up be 
divided by the cross-sectional area of the bolt at the bottom of the thread, the initial in- 
tensity of the tensile stress is obtained. The above experiments indicate that this in- 
tensity of stress varies, approximately, inversely as the nominal diameter (d) of the 
bolt ; and that it may frequently equal or exceed : 

. 30,000 „ 
/ = z—-j — lbs. per sq. in. 

In addition to this tensile stress, there is a considerable twisting action on the bolt.' 1 

Mr. Harvey D. Williams * has calculated the efficiency of the 
U. S. Standard bolts whose proportions are given in Table XL, 
on the basis of the ratio between the useful fibre stress — or that 
portion which would be required for the support of the safe axial 
load only — and the total fibre stress produced in screwing up the 
nut. His results are given in Table XXXIII. 

The method of computing the efficiencies given, is as 
follows : 

From (55) the value of Pis found in terms of W y p and d be- 
ing known for any given bolt and fi being taken as 0.15. Then, 
P= K*W 9 where A!* is a numerical factor. Also : 

Twisting Moment = T.M. = P x — ; 
from (73) : _ 16T.M. 

■*•"" TTd* ; 

from (60): 4W 7 

Then: 



Maximum tensile stress ==/"== | S t + \VS? + 4S, 2 ; f (74) 



w r I /$r.M.\n 



But, to support the load, W y there is required only per sq. in. the 

aW 
Useful tensile stress =zf f = S t = —-^ 

The load, W 9 must be reduced below the amount which the 

*/our. Am. Soc. Naval Engineers t Vol. XIII., No. 2. 
t Lanza: "Applied Mechanics," 1897, p. 892. 
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screw would carry, if under direct tension only, in order that the 
load produced by the stress,/, shall not exceed the strength of 
the bolt. Hence, in this respect — considering the thread-friction 
only — the efficiency of the bolt in raising the weight W f is : 



:=4= 8 -[3+5^l + (^y], 



(75) 



in which W is the useful axial load in pounds, T.M. is the torque 
in inch-pounds, and d is the effective diameter in inches. Equa- 
tion (74) is similar to (62), the former being the formula deduced 
by Grashof and the latter that by Rankine. 
Referring to the table, Mr. Williams says : 

"The factor of safety equals the direct load factor 7, divided by the efficiency; 
and the safe loads given in the body of the table correspond to the factor of safety £ 
in the same horizontal line and the ultimate strength at the head of the column. To 
facilitate the computation of bolts having threads which are 6ner or coarser than the 
standard, the column headed "Relative Fineness of Thread' ' is given, in explana- 
tion of which it need only be remarked that the relative fineness of thread equals the 
number of threads per inch multiplied by the diameter and that bolts of different 
sizes but having the same relative fineness of thread will have the same efficiency and 
the same factor of safety. As the thread is made relatively 6ner and finer beyond the 
limits of the table, the corresponding efficiency approaches 88.06 per cent, as a limiting 
value, beyond which it cannot go. The factor of safety meantime approaches the limit- 
ing value, 7.95. The efficiency of a hollow bolt is always greater than that of a solid 
bolt of the same diameter and number of threads, the limiting efficiency for a very fine 
thread on a very thin tube being 96.48 per cent., as against 88.06 per cent, for a solid 
bolt. The error will therefore be always on the safe side, if we use the efficiencies and 
factors of safety given in the table in computing hollow bolts." 

Seaton and Rounthwaite * give a table for the effective strength 
of Whitworth screws in which the torsional . stress is allowed for 
by assuming progressively lower values for the working stress as 
the bolts diminish in size. The table is based on the relation : 

Working Stress per sq. in. = {Effective Areay* x C 9 

where C — 5, 000 for iron or mild steel and 1,000 for muntz or 
gun-metal. For iron or steel bolts above 2 inches in diameter 
and gun-metal or bronze ones above 3^ -inch diameter, the 
moment of the twisting stress is small, proportionately, and is 
neglected in the table, the working stresses in lbs. per sq. in., 
for all sizes above those noted being uniformly 7,000 and 2,500, 
respectively. 

* "Pocketbook of Marine Engineering Rules and Tables,' ' 1899, p. 73. 
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Table XXXIII. 
Safe Loads for U. S. Standard Bolts. 
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11 
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5< 
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1 


3 




ll 


11 

8 


~r*~ 


20 


74-68 


9.4 


57 


"5 


143 


172 


186 


229 


272 


£ 


iS 76.56' 9.1 


99 


198 


247 


297 


322 


396 


470 


16 7749 9 


150 


301 


37& 


45i 


4S8 


601 


714 


>*5 i 


14 73.33 


S.9 


207 


415 


519 


623 


675 


830 


986 


13 7&4S 


8.g 


282 


564 


704 


845 


915 


1.125 


1,340 


1l * 


12 j 78.92 


8-9 


365 


730 


912 


1*095 


1,186 


1460 
1,820 


1.730 


"i 


11 79-H 


8.8 


456 


913 


1,140 


1.370 


1480 


2,170 


r-5 : 


10 'So.ooS.S 


690 


1,380 


1.725 


2,070 


2,240 


2,760 


3.280 






9 8048 


a-7 


964 


1.93° 


2,410 


2,900 


3,140 


3.860 


4.580 


$ 


I 


3 


S0.6J 


87 


1,265 


2,53° 


3*170 


3.800 


4,120 


5jo6o 


6,010 




I* 


7 


8048 


8.7 


1.595 


3^9° 


3.990 


4,79o 


5* I& > 


6,380 


7.570 




** 


7 


81-37 


8.6 


2,070 


4,140 


5.180 


6,210 


6,730 


* 8,280 


9.S30 




I* 


6 


80.93 


8.7 


2,44° 


4,890 


6, 1 TO 


7.330 


7.940 


9,780 


11,600 


9 


1 J 


6 


8l.6l 


8.6 


3i020 


6,040 


7.540 


9»o6o 


9,800 


12,050 


14,300 




T | 


54 


81.56 


8.6 


3»530 


7,060 


8,820 


io,6oo 


11.500 


14,100 


16,750 




tl 


5 


81-37 


8.6 


4,060 


8,120 
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13.200 


16,200 


19,250 




ji 


5 
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B*5 


4,800 


9.6oq 
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14400 


15.600 


19,200 


22,800 


9 


2 


4J 81.61 


8.6 
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13400 


16,100 
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25,500 
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4* 
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33, 800 


lO 


2* 


4 
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28400 
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41,500 


[I 


2i 


4 
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[3 


3 


4 


8342 


84 13400 


26,800 
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40,200 


43,600 
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<3 


3l 


4 


83.8S 


8.3 16,100 


32,200 


40,200 


48,400 


52,400 


64,400 
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14 


? 


4 


84.20 
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'5 


4 


S447 


S-3 
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44i5oo 
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66.700 


72,300 


89,000 
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16 


4 


4 


84.71 


8-3 


25,700 


5 Moo 


64,200 


77,000 


83,400 


102,800 


122,000 


'7 


41 


4 


84,91 


S.2 


29,35t> 


58,700 


73*4oo 


88,100 


95.4oo 


117400 


139*300 


18 


44 


4 


S5.09 


8.2 


33i3oo 


66,600 


83,200 


100,000 


108,000 


133,000 


158,000 


19 


4* 


4 


85,26 


8.2 


374O0 


75iOoo 


93*7oo 


II2,000 


122,000 


150,000 


178,000 


30 


5 


4 


85.44 


8.2 


41,900 


83,800 


105,000 


126,000 


136,000 


167,500 


199,000 


21 


5* 


4 


85-55 


8.2 


46,600 


93,200 


116,500 


140,000 


151.000 


186,000 


221,000 


32 


i 


4 


85.68 


8.2 


5i.5oo 


103,000 


139,000 


154*500 


167,000 


206,000 


244,500 


23 


4 


85,80 


8.2 


56,700 


Il3*5oo 


142,000 


170,000 


1 184,000 


227,000 


269,000 


34 


6 


4 


85-92 


8.1 


62,000 


124,00c 


155,000 


186,000 


1 202,000 


248,000 


295,000 



30. Types of Screw Fastenings. 

Screw fastenings have forms as numerous as their uses are 
varied. Brief reference will be made to a few types. 

1. Bolts, Tap Bolts, Studs. — The proportions of Machine 
Bolts have been given in preceding tables. When employed to 
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Fia 4* 



join flanges, as in Fig. 40, this form, if short and tightly fitted, 
gives a most rigid connection. For steam cylinder heads, they 
are somewhat objectionable, since, if a bolt breaks, the lagging 
must be removed to replace it 

With the Stud, on the contrary, the broken 

I * part may be drilled out readily from the 

flange. The stud has further advantages in 
its use when through bolts are inadmissible 
and in the feet that, once set in the weak 
threads of cast metal, it need not be removed, 
as the tap-bolt must be, to disconnect the 
parts. The threaded portion which enters 
the casting should be longer than that for 
the nut and the unthreaded shank should be shorter than the 
flange through which it passes. Fig. 42* gives good general 
proportions, as follows : 
P «t diameter of stud ; 
/■"■* K25/ 1 « depth of hole ; 
C?^ 1,15/*^ length of stud to be screwed in; 
/^= i^o/>« length of thread on nut-end; 
*~ 5" = length of thread on opposite end. 
The !>*»&& F^. 45. is practically a machine-bolt without a 
nut. the stunk passing through a thnge or other member and tJ* e 
tfcrc*&xi section screwing into the remaining put connected 
like the stud, it is tuMe to stick fast and it has 
the further dkavh-anta^ that its frequent removal 
to b*e.*k the vett will wei*r the weak threads of 
ac*s£hg. For this reason the depth of the tapped 
hole shoclvi he rroci t.5 to twice the dbmefeer. 
Tie imvdw ojT ccvs^erssssk arad nxzad and 
bcrtott-he*i t*j>£vvts «»i screws are gnren it 
TafrSe XXXIV 

^. SJft<s^tw^ xre iks^ttusgs wSdoch are sofe- 
afrle cftly xt ogat work. Haey i&£ oaxt fie- 
^ie*sc :tse ir* securie^ jxilleys. etc.. as s 
TVsr cikf acvjt?r;age is that 20 key-way fe 
t^wre. toe ooratecsec vteee :m*y be teaiBy 
Jfc^vafKagt^ are Ae i*SI£ty:o s%. t&K bttrring; of the shaft, 




Re. 43- 
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Table XXXIV. 

Tap-Bolts and Set-Screws. 
(Newport News Shipbuilding and Dry Dock Co.) 

A*tm*&aJ*Scrwm 




\U 




the 

* *"adial stress in the hub, and the uneven bearing and slight 

^^tricity of the latter, if a free fit. The points of set-screws 
made flat, conical, rounded, or cupped. A shallow hole is 

^^times bored in the shaft to receive the point. In light work, 

^v^ver, the screw is set up sufficiently to make its own indenta- 
, % *** A relatively strong fastening may be made by interposing a 
•j* 11 * steel plate between the set-screw and a " flat" filed on the 

^ft, the plate fitting into a recess in the hub. 



fo 



Professor Lanza * tested the holding power of points of various 
. r **is upon a ^J-in. shaft, the screws being of wrought iron, f -in. 
^^tieter, IO threads to the inch, and set up with a force of 75 

* Trans, Am. Soc. Meek. Engs., Vol. X. 
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lbs. at the end of a io-in. monkey wrench. The shaft was of 
and the points made but little impression upon it. Two sc 
were used to secure a pulley to the shaft and then the cir 
ferential load required to make the pulley slip was found, 
which load the resistance of the screws was determined, 
shapes of the points were : 

A. Ends perfectly flat, fa in. diameter. 

B. Ends rounded, radius \ in. 

C. Ends rounded, radius J in. 

D. Ends cup-shaped and case-hardened. 
The holding power in pounds was : 





Lowest. 


Highest. 


Average. 


A. 


14 1 2 


2294 


2064 


B. 


2747 


3079 


2912 


C. 


IOX>2 


3079 


2573 


D. 


I962 


2958 


2470 



Professor Lanza states as to : 

A. The set-screws were not entirely normal to the shaft ; hence they bore 
the earlier trials before they had become flattened by wear. 

B. The ends of these set-screws, after the first two trials, were found to be flat 
the flattened area having a diameter of about J in. 

C. The ends were found, after the first two trials, to be flattened, as in B. 

D. The first test held well because the edges were sharp ; then the holding 
fell off till they had become flattened in a manner similar to B, when the holding 
increased again. 

3. Eye-Bolts. — Good proportions for eye-bolts are giv 
Table XXXV. Since the bolt when screwed home is wii 
load, the torsional effect is negligible and the same working i 

may be used for all sizes. C 

to bending action, the sides < 

eye are subjected to greater i 

than the body of the bolt 

their combined cross-sectiona 

„ is made greater than that c 

Fig. 44. fe 

weakest section at G, the e 

being about 200 per cent, in the -|-inch bolt and decreasing 

idly with the larger sizes. 

4. Stay-Bolts. — These bolts are used to brace the flat 
faces of boilers. They vary in details of form and manufac 
Good practice is shown by Fig. 44. The bolt is threaded at 
end, turned down in the shank to the diameter at the base o 
thread, screwed into both sheets, and riveted over cold with sh 
spherical heads. Minimum general proportions are : dian 
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Table XXXV. 

Eye- Bolts. 
(Union Iron Works.) 
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Siie 



if 

2 

k 

M 
4 

4 



3 

3 

3$ 

4 
4 
4* 
4* 

11 

a 

61 



? 

i 

A 
A 

t 

i 

! 



t 

« 



# 






2 

2 
af 

2f 

3j 
3t 
4 
4 

t 

6 
7 
7 



Capacity Rased on 10,000 lbs. 
per sq L Inch Strain. 



767 
1,104 
1*963 
2,4S5 
3*712 

5^35 

6,903 

7*854 

9*94o 

12,270 

13*520 

16,210 

19* 1 5° 
22,340 



I inch ; threads per inch, 1 2 ; spacing, centre to centre, 4 inches. 
The stress at root of thread should not exceed 6,000 lbs. per 
S( l- in. A " detector " hole — at which leakage will show when the 
holt is broken — is drilled or punched, preferably the former, from 
the outer end of the bolt inward to the beginning of the shank. 

Flexibility is a most important requirement of these bolts. In 
some cases, various combinations of the ball-and-socket joint have 
been applied at one end. In the ordinary type, this quality de- 
pends upon the material, the reduced shank, and the form and 
ffl ethod of driving the heads. As material, the best grade of 
wrought iron is preferred. 

The Falls Hollow Staybolt is rolled with a central hole through- 
out > thus avoiding later drilling or punching. The bolt is also 
dreaded through its full length with, therefore, uniform strength at 
a N points. The size of the hole is usually -J- inch or -fy inch. It 
ser ves not only as a " detector " but also, if desired, as an inlet for 
* e admission of air to aid combustion. 

The data and results of tests of these bolts at McGill University are : 
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Material, double-refined charcoal stay-bolt iron, I inch diameter, 
■j 8 g inch hole ; length, 25$ inch ; mean diameter, outside, 1.014 
inch ; yield-point, 32,000 lbs. per sq. in. ; ultimate tensile strength, 
49,300 lbs. per sq. in. ; equivalent elongation in 8 inches, 31^ 
per cent. ; reduction of area, 45.7 per cent 

Chief Engineers Spragueand Tower, U. S. Navy, in 1879, ma( ' e 
exhaustive experiments upon the strength of boiler-bracing. From 
their report * the following data are taken with regard to the re- 
sistance of screw stay-bolts in flat surfaces : 

" In reference to iron and low steel bolts, and iron and low steel plates, and copper 
plates and iron bolts, after a careful examination of the results of these experiments in 
particular, we are satisfied that the following formulae will correctly and safely repre- 
sent the working strength of good material in flat surfaces, supported by screw stay-bolts 
with riveted button-shaped heads or with nuts, when the thickness of the plates forming 
said surfaces and the screw stay-bolts are made in accordance with the dimensions and 
conditions given in Table Y. W= safe- working pressure ; T= thickness of plate ; 
d= distance from centre to centre of stay-bolt : 

For iron plates and iron bolts W=. 24000 -^ . 

T* 
For low steel plates and iron bolts IV= 25000 -^ 

T% 
For low steel plates and low steel bolts. W=. 28000 -jz 

T* 
For iron plates and iron bolts, with nuts fV= 40000 -^j 

T* 
For copper plates and iron bolts. .... W— 14500 -7^ , 

" To obtain the ultimate bursting pressure, multiply the results of the above formula; 
by 8, which is the factor of safety used. 

Table Y. 
Dimensions and Conditions for Making Iron and Low Steel Screw Stay- 
Bolts for Flat Surfaces Subject to Internal Pressure for Dis- 
tances Ranging from Four to Eight Inches (Inclusive) 
from Centre to Centre of Stay-Bolt. 
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* " Experiments in Boiler Bracing," U. S. Navy Dep't, 1879. 
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"The rivet-heads to be a segment of a sphere, formed by first upsetting the end of the 
bolt with a few quick, sharp blows of the hammer, then finished to shape with the ham- 
mer and button-head set. Where nuts can be used instead of riveted heads, they should 
be of the standard size, suited to the diameter of the bolt, faced on the side bearing on 
the plate, and dished out so as to form an annular bearing surface of as large a diameter 
as the nut will allow, aud of a breadth and depth given in the table. Before securing 
the nut in place the dished portion should be filled with red-lead putty made stiff with 
fine iron borings.' * 

The regulations (January, 1 901) of the U. S. Board of Supervis- 
ing Inspectors of Steam Vessels, prescribe for plates, -j 7 ^ inch thick 
and under, used in boilers as " flat surfaces fitted with screw stay- 
bolts riveted over, screw stay-bolts and nuts, or plain bolt with 
single nut and socket, or riveted head and socket," a working 
pressure determined by the formula : 

P=-jr-> (76) 

where P= working pressure in lbs., C= 112, t = number of six- 
teenths in plate thickness (i. e. y for -j^-inch plate, /= 7), and d — 
^stance between stays in inches. For plates above T 7 g -inch thick 
C ==* 120. The pressures, as above, refer to fire-box plates. Also, 




Fig. 45. 

^n other flat surfaces there may be used stay-bolts with ends 

^* beaded, having nuts on same, both on the outside and inside of 

^l^tes." For these surfaces, formula (76) is used with C= 140. 

5. Armor Bolts. — The proportions of threads for these bolts, 

^^ used in the U. S. Navy, have been given in § 24. The method 

^f their application with side, diagonal, and belt-armor, is illustrated 

**> Fig. 45. The armor-plate is fitted snugly to a backing of teak, 

^lie latter being secured to the backing plates of the hull by bolts 

^untersunk in the wood After the armor-bolt is screwed down 



I IO 



MACHINE DESIGN. 



to a bearing in the plate, the space around the shank is calked 
.solidly with oakum and the nut is screwed up against a 
washer until it embeds itself in the latter, thus causing the lead t 
flow into the thread. As an additional precaution against leakage, 
the backing plates and washer are coated with red lead, all inter- 
stices in the backing are filled with red lead under pressure, and 
the joint between the backing plates is calked. Turret-armor is 
secured by similar bolts which have, however, a solid head instead 
I nut. The spacing, in all cases, is such as to provide one bolt 
for each 5 sq. ft. of armor surface. 



31. Methods of Manufacture. 
Bolts are headed hot from round stock ; then threaded and 
pointed. Nuts are pressed or forged hot, or pressed and punched 
cold, and tapped. 

I. Bolt-Blanks. — The round stock is sheared into lengths 
containing enough material for shank and head, Each blank is 

then heated and the head 
formed in a forging ma- 
chine. Figs. 46 and 460 
give a view, plan, and 
details of the 1 j 
Heading and Forgmg 
Machine built by the 
Acme Machinery Co., 
W Cleveland, O., and illus- 
0^7 trafced herein through 
the courtesy of that 
Fia 40 company. 

" There are two sets of tools : the stationary or gripping dies, A, which hold and re 
lease the blank and the heading die, A and brushing poach. C which form the h«<i 
aod arc carried by a tool holder fixed to * revnprocatiug plunger. The Utter b 
&om the shaft which b actuated by a fly-wheel with dutch-OMnectiou control], 
pedaL The plunging or upsetting mechanian is omitted front the plan ; it m 
the line marked ** centre of heading slide/' 

"The dies,.*; are divided and open vertically on the reu*ie-rii* of the lower tyiifr 
(feieal groove* A *** *** W** SP**™** £* ^^ cjaadrkal but having a sow* or 
hexagonal recess for the bolt head. The opening and closing of the dies is done 
WJfgfa j o in t mechanism shows. The latter b operated* through an intervening sptwl< 
hvaaa^ustnbleaxiiMCting rod driven rrom the shaft. The bolt-blank b up* 
mgroov*. A by the heading die, JL It is then shifted to £ where the head b 
by punch, a The grooves, D and E y are concenmc respectivelT with 
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punch, C, The latter die holds a die-plug and the punch has a head, both suitably 
shaped for upsetting square, or with other forms, hexagonal heads. 

"In forging a bolt-head, the operator places a heated blank in groove, D, and touches 
the pedal. The machine makes a "plunge" and the gripping dies close, remaining 
thus while die, B, advances and forms the head and until the plunger has travelled 
about 3 inches. When the machine has passed its forward centre, the plunger has re- 
ceded about j£ inch and the gripping dies open. The operator now removes the bolt 
to the upper groove, £ 9 and again touches the pedal, upon which the finishing punch 
enters the die at E, presses against the head, and removes the slight draught formed 
during the first stroke. At the same time, the side pressure of the dies drives all * fins ' 
hack into the head. The bolt is really made during the first stroke, while the heated 
metal is at its best for working. The second stroke simply removes the slight taper of 
the head and smooths the sides of the latter. 

" The toggle-joint gives maximum pressure when the gripping dies are closed. Until 
its joints are in line, it is acted upon by an elastic force in the spring, so that if the dies 
become obstructed, the mechanism will yield and the machine will not meet undue 










&*$!«£ 



<§> Ei^ 




D0OD 



Fig. 46a. 

8tra *n. In addition to its action as an automatic relief, the spring forms also, with the 
COn &ecting rod of adjustable length, a device to regulate the time and duration of closure 
°T the gripping dies with regard to the advance of the heading dies on the plunger, as 
^y be required for various sizes of work." 

The machine described above is of the " grip-and-plunge " type. 
*** the " hammer-header " form of heading machine, there are, for 
a Square head, five hammers, one striking on the top and one on 
^ch of the four faces of the head, simultaneously. In this ma- 
c *Une, the head is molded by a succession of relatively light blows 
^hile it is cooling. An objection urged against this form is that 
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the bond between the head and shank may be destroyed by a 
" cold-shut " at the point of juncture. 

2. Nut-Blanks are made by several processes. In the " hot 
pressed " machine, the nut is formed in a die, pierced, and crowned, 
and is then placed in the holder of a " burring machine " in which 
revolving cutters remove the rough edges. In " hot forging ma- 
chines," the nut is forged smooth by hammers automatically oper- 
ated ; and, in " cold pressing," the flat bar is fed between the rolls 
of the machine, cut into blanks, and a nut made complete at each 
revolution. Finally, if desired, the nut is faced and chamfered in 
a facing machine. 

While the cold-punched nut meets extensive service in struc- 
tural and other work, the rigid specifications of the Bureau of 
Steam Engineering, U. S. Navy, permit the use of hot-pressed 
nuts only. With regard to this question, the Engineer-in-chief says : 

" In mating a cold-panched nut, either of wrought iron or steel, the fibre of the metal 
is injured and its full strength can be restored only by bringing the nut to a welding 
heat and finishing it under the hammer, as with the hand-made forged nut The hot- 
pressed nut, on the contrary, although not so perfect as that made by hand forging, ap 
proaches the latter so nearly that it can be reamed, tapped, finished, and used with 
iair degree of safety." 

The injurious effects upon boiler-plate of punching rivet-holes 
will be discussed in the succeeding chapter. In 1878, Mr. David 
Townsend * made some experiments which show the flow of metal 
in nuts punched cold under the conditions of his test He found 
that both the top (nearest the punch) and bottom faces of the nut 
were depressed ; that the lower diameter was increased, making 
the sides tapering ; and that a portion of the blank punched from 
the hole had flowed into the body of the nut throughout a zone 
nearly half as deep as the nut and beginning almost at the top 
face of the latter. The original depth of the nut was 1.75 in.; 
that of the core removed was 1.063 in. The density of the latter 
was found to be the same as that of the metal before punching. 
Therefore, a volume of metal, whose sectional area was that of the 
core and whose length was 1.75 — 1.063 = 0.687 ins. was forced 
into the body of the nut. It is apparent that the stress was 
severe. 

3. Threading and Tapping. — Bolts are threaded in the lathe, 
or by hand-operated dies, or in the bolt-cutter, the latter being 

*/<wr. Franklin Institute, March, 1S78. 
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Fig. 47. 



practically but a set of revolving dies into which the bolt-blank is 
fed at the required axial speed. The bolt-cutter produces usually 
a full thread at one cut with, in consequence, greater stress in the 
bolt metal and greater pressure upon the lead-screw than in the 
lathe where the same thread would be made in several cuts. 
Square threads or those requiring unusual accuracy of workman- 
ship require lathe- work. The merits 
of the bolt-cutter lie in the rapidity 
and cheapness of execution and the 
fact that its product is sufficiently 
accurate for all ordinary purposes. 

Fig. 47 shows a threading tool 
which is illustrated herein through 
the courtesy of the Rivet-Dock 
Company, Boston, Mass. The dis- 
advantages of the single-point thread 
tool used in lathe work are : the 
difficulties of keeping the exact 
angle in grinding, of setting with 
the small thread-gauge, the suc- 
cession of cuts, necessarily light, to prevent burning the point, and 
the repeated stops to test with a limit-gauge or master-nut. 

The thread-cutter shown, is a simple disc of tool steel having 
ten teeth, each of the latter being longer radially than the one pre- 
ceding. In operation, a cut is run with each tooth. There are 
thus, in effect, ten cutting tools, the leading ones suitably shaped 
for roughing out and the final tooth proportioned for finishing with 
accuracy. THe single-point tool both roughs and finishes, while 
the final tooth of the cutter does finishing work only. The cutter 
is mounted on a steel slide, the latter having a movement to and 
from the work by means of an eccentric stud in the hub of the 
lever. The lever, in moving the slide, engages the pawl and 
rotates the cutter one tooth for the next cut. The heel of the 
tooth in action rests upon a stop, which takes the strain of cutting. 
The stud extends through the lever-hub and is secured on the 
back by an arm with pin-stop engaging ten holes so spaced that 
changing the stop from one hole to another moves the slide and 
cutter a fraction of a thousandth of an inch forward, thus giving 
the necessary adjustment for fine fits and provision for exact dupli- 
cation. 
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Bolt-threads are produced also by cold rolling. For the die 
scription of this process which follows, acknowledgment is due t» 
J. H. Sternbergh, Esq., President of the American Iron and Stee 
Manufacturing Company. 

" The machine is horizontal and of simple construction. It has a stationary die with 
threads cut on the face of the latter at a certain angle* Another die, having threads 
cut on its face also, is held in a reciprocating cross-head. The bolt-blank is placed 
perpendicularly between the two dies and the thread is produced by compression in 
rolling the blank between the latter. The distance between the apices of the dies is the 
same as the diameter of the bolt at the root of the thread. For a bolt of, say, |-inch 
diameter, the dies are about ten inches long and the blank is rolled throughout nearly 
the whole length of the die, one operation producing the thread. A portion of the latter 
is actually raised above the external circumference of the bolt and no metal whatever is 
cut away. Great accuracy, however, is required as to the diameter of the blank bolt in 
order to produce uniform and perfect threads." 

There are various types of machines for threading nuts. In one 
well-known automatic nut-tapper, the blank nuts are placed in a 
receptacle on the top, from which they are conveyed to the taps 
by means of guide-ways. After being threaded, the nuts are 
ejected automatically. It is stated that one operator can attend 
ten machines and produce about 1 80,000 nuts per day. 

32. Materials. 

The specifications (1901) of the Bureau of Steam Engineering, 
U. S. Navy, for bolts and nuts of steel and iron are as follows : 

Rods for Bolts, Studs, and Rivets. 
I. The physical and chemical characteristics of rods for bolts, studs, and rivets are 



to be in accordance with the following table : 








Class. 


Material. 


Minimum 
Tensile 
Strength. 


Minimum 
Elastic 
Limit. 


Minimum 
Elongation. 


Maximum 
Amount of — 






P. 


s. 








Lbs.fer 
sq. in. 


Lbs. per 
sq. in. 


Per cent, 
in 8 Inches. 








Class A. 


Open-hearth 
nickel or 
carbon 
steel. 


75,OCO 


40,000 


23 


.04 


.03 


Cold and quench 
bend about an 
inner diameter 
equal to the 
thickness of the 
test piece in 
each case. 
Quenching 


Class B. 


Open-hearth 
carbon 
steel 


58>000 


30,000 


28 


.04 


.03 


temperature 
8o° to 90 F. 
Inner diametei 
equal to one 
half the thick- 
ness. 
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If the contractor desires, and so states on his orders, the Bureau will direct that the 
inspection of the rods be made at the place of manufacture of the bolts, studs or rivets 
instead of at the place where the rods are rolled. 

2. Kind 0/ Material, — The steel shall be made by the open-hearth process, shall 
contain not more than four one-hundredths of 1 per cent of phosphorus, nor more than 
three one-hundredths of I per cent, of sulphur. 

3. Surface and other Defects. — The rods must be true to form, free from seams, 
hard spots, brittleness, injurious sand or scale marks, and injurious defects generally. 

4. Test Pieces. — If the total weight of rods, all of the same diameter, and rolled 
from the same heat, amounts to more than 6 tons, the inspector shall select at random 
six tensile test pieces, three cold-bending test pieces and three quench-bending pieces ; 
but if the weight is less than 6 tons, one half of that number of test-pieces will suffice. 
If, however, the rods in one heat are not of the same diameter, then the inspector will 
take such additional test pieces as he may consider necessary according to the number 
of different sizes of rods in the heat All of the test pieces shall be taken from rods 
finished in the rolls and, when practicable, but one piece will be cut from each rod 
selected for test. Should any test piece be found too large in diameter for the testing 
machine, the piece may be prepared for test in the manner prescribed for forgings. 
The tensile tests for rounds ji inch in diameter and less, shall be made on the largest 
sizes available and the elongation measured on a length equal to eight times the diam- 
eter. 

5. Bending Tests. — The cold and quench test pieces of Class A I rods shall stand 
bending through an angle of 180 around a curve, the inner diameter of which is equal 
to the diameter of the rod. The cold and quench bends of Class A2 rods shall stand 
bending through an angle of 180 around a curve, the inner diameter of which is equal 
to one half the diameter of the rod. The quench test piece shall be heated to a dark 
cherry red in daylight, and plunged into fresh clean water at a temperature between 
8o° and 90 F. No bending test will be satisfactory if any cracks are to be seen on 
tbe outside of the bent portion. 

Finished Bolts, Studs, and Rivets, Classes A and B. 

After the rods to be made up into bolts, studs, and rivets have been tested as pre- 
riously described, the finished articles shall be tested by lots of 500 pounds or fraction 
thereof, one piece being taken to represent the lot. The failure of 10 per cent, of the 
i°ts of 500 pounds to stand the specified tests in a satisfactory manner will render the 
w bole of any delivery liable to rejection. 

Bolts and Studs. — When the bolts or studs are of sufficient length in the plain part 
to admit of being bent cold, they must stand bending double to a curve of which the 
toner radius is equal to the radius of the bolt or stud, without fracture. 

When bolts or studs are not of sufficient length in the plain part to admit of being 
"*& cold, the threaded part must stand bending cold without fracture as follows : 

Ifof^ inch diameter or less 35 

If above }£ inch diameter and under I inch 30 

If I inch diameter or over 25 

Where the bending tests can not be applied, the two following hammer tests must be 
Suited : 

(0) The test piece to stand flattening out cold to a thickness equal to one half its 
original diameter without showing cracks. 

(£) The test piece to stand flattening out, while heated to a cherry-red heat, to a 
Uuc ^ness equal to one third its original diameter without showing cracks. 
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Surface Inspection. — ( I ) All bolts and studs shall be free from surface defects. 

(2) All bolts are to be headed hot, and the heads made in accordance with the I_X, 
S. standard proportions unless otherwise specified. The head must be concentric wrth 
the body of the bolt. 

(3) The threads must be of the U. S. standard unless otherwise specified, and must 
be clean and sharp. The threads of Classes A and B bolts may be either chased or cut 
with a die, but the threads of body-bound bolts must be chased and must extend far 
enough down so that when the nut is screwed home there will be not more than one 
and one half threads under it. The plain part of body-bound bolts must be turned in a 
lathe to fit accurately in the bolt hole. 

Steel and Iron Nuts. 
( To be used with class A and B bolts and studs. ) 

1. One tensile and one bending test bar from each lot of 1,000 pounds of 
material or less from which nuts are to be made shall be selected by the inspector for 
test. 

2. The material (whether steel or iron) shall show a tensile strength of at least 
48,000 pounds per square inch and an elongation of at least 25 per cent, in 8 inches. 
A bar ^ inch square or ^ inch in diameter shall bend back cold through an angle of 
180 without showing signs of fracture. 

3. The nuts must be free from surface defects and the threads clean, sharp, and well 
fitting. 

4. The dimensions of threads must be in conformity with the United States standard 
unless otherwise specified. 

5. The nuts must be hot-pressed and reamed before threading, the holes to be cen- 
tral and square with the faces. All nuts must fit on the bolts without shake. 

Forgings. 
1. The physical and chemical characteristics are to be in accordance with the fol- 
lowing table : 









Minimum 


Minimum 


Minimum 


Maximum 


Cold Bend 


Class. 


Material. 


Treatment. 


Tensile 


Elastic 


Elonga- 


Amount of— 


About an 








Strength. 


Limit. 


tion. 


P. 


S. 


eter of— 








Lbs.fer 


Lbs.fer 


Per cent. 














sq. in. 


tq. in. 


in 2 in. 








High 


Open-hearth 


Annealed 


95,O0O 


65,000 


21 


.06 


.04 


One inch 


Grade, 


nickel steel. 


and oil 
tempered. 












through 
180 . 


Class A. 


Open-hearth 
either nickel 
or carbon 
steel. 


Annealed. 
Oil tem- 
pered op- 
tional. 


8o,000 


50,000 


25 


.06 


.04 


One inch 
through 
180 . 


Class B. 


Open-hearth 
carbon steel. 


Annealed. 


6o,000 


3O,O0O 


30 


.06 


.04 


Half inch 
through 
180 . 



6. Nuts to be used about machinery must fit so tight that it will be necessary to 1 
a wrench to turn them. All other nuts must be at least thumb tight. 

7. For the purpose of test all nuts which fulfill the preceding requirements will t>* 
divided into lots of 500 pounds or less, and two nuts from each lot selected by the io 
spector for test as follows : 
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■ (a) One of the two shall stand flattening out cold to a thickness equal to one half its 
original thickness without showing cracks. 

(t>) The other shall stand flattening out (when heated to a cherry red in daylight), 
to a thickness equal to one third of its original thickness without showing cracks. 

8. The failure to stand these tests will subject the lot represented by them to rejec- 
tion. The failure of 10 per cent of the lot to pass the tests will render the whole order 
liable to rejection. 

For bolts requiring unusual strength, the metals described under 
11 Forgings " are specified. Thus, connecting rod bolts are made 
from " High Grade " forgings as above. 

For wrought iron and various alloys and bronzes, the maximum 
tensile strength per sq. in. of cross section is taken as : 

Wrought Iron 50,000 lbs. 

Alloy: Cu 88%, Sn 10%, Zn 2% 20,000 " 

Phosphor Bronze, rolled 40,000 " 

Muntz Metal, rolled 40,000 " 

Manganese Bronze, rolled 50,000 " 

Tobin Bronze 50,000 " 

Naval Brass 50,000 " 

The specifications (1900), of a prominent railroad company fix 
requirements for stay-bolt iron, as follows : 

" The material desired is fagoted iron, free from admixture of steel and preferably box 
piled, the filling of the box being small rods. It shall show when nicked on either 
side and then broken, a fracture with long fiber with sound welds. The iron must be 
smoothly rolled, free from slivers and depressions, and shall be truly round within .01 
of one inch. It shall not be more than .005 of one inch above and not more than .010 
of an inch below nominal size. This to insure freedom from jamming in the thread- 
ing dies. 

"Sample bars will be required to meet the following physical test: They shall show 
when tested in full size as rolled, a tensile strength of not less than 48,000 pounds per 
square inch, with an elongation of not less than 25 per cent, in 8 inches. One piece from 
each of the two sample bars shall be subjected to tensile test and one piece from each of 
them shall be threaded in dies with a sharp " V" thread 12 to one inch and firmly 
screwed through two holders, having a clear space between them of 5 inches. One of 
the holders shall be of such form and length that the bolt shall be rigidly held, so as to 
Prevent rocking. This holder will be rigidly secured to the bed of a suitable machine 
*nd the holder at the other end will be vibrated in a direction at right angles to the 
axis over a space of # of an inch, so that the end of the specimen shall be deflected 
alternately y£ of an inch on each side of the center line. When thus tested acceptable 
OQ o should show not less than 2,200 double vibrations before breakage. 

"If the test of either of the bars shows a tensile strength of less than 48,000 pounds 
P* square inch in an original section or an elongation less than 25 per cent in a sec- 
7°° originally 8 inches long, or if either bar stands less than 1,700 double vibrations, or 
"fte two give an average of less than 1,900 double vibrations before breakage, the pile 
Resented by such two bars will be rejected and returned to the maker. In addition, 
^os* bars which fail to meet the requirements as to rolling will also be rejected and 
ret nrned." 
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and the nut, C f is forced backward through a slight angle until it 
binds on the upper nut. 




V *v * N 




Fig. 49. 



Fig. 5a 



Fig. 51. 



2. Set-Screws. — The set-screw, bearing upon a cylindrical 
prolongation of the nut, is the most effective locking device for 
heavy nuts requiring to be frequently removed as, for example, 
those on the connecting rods and main bearing caps of marine 
engines. Fig. 35 shows a bolt for the former which is fitted with 
a " collar-nut " and two set-screws — one for locking the nut, the 
other for holding the bolt when backing off the nut. Table 
XXXVI. gives the proportions of such collar nuts and of the 
dowelled stop-ring into which the set-screw is tapped. Fig. 49 
shows a similar nut, omitting the stop-ring and groove, the pro 
portions for typical sizes of which, in inches, are : 



Diameter 


A 


B 


C 


D 


E 


F 


G 


Least Value of H for 


of 
Bolt. 


Wrought Iron or 
Brass. 


Cast Inn. 


1 

2 

4 
6 


6 
9 


i 

A 

4 
6 


1 

2 


I 

1 

it 


i 

it' 


t 

I 


ft 

I 

I* 


1 

1 
it 


:!. 



3. Elastic Nuts. — Fig. 50 shows the nut made by the Na- 
tional Elastic Nut Company. The blank is cut from a flat steel 
bar, bent into a ring with a lap on the side, pressed in a die into 
the shape of a finished nut, and finally tapped with special minus 
taps, T J 7 under size. When screwed on the bolt, the split side is 
forced open about T £ 7 of an inch, giving the nut a constant grip- 

The Wiles lock-nut, shown in Fig. 51, has a slot milled half 
way through of a width equal to the pitch. When the nut is A 
place, the walls of the slot are brought slightly together by a set- 
screw, thus gripping the bolt-thread. 
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Table XXXVI. 

Collar-Nuts with Locking Screws. 
(Union Iron Works.) 







I 



t 

I: 

I 

I 

I 

Si 

I r 

2 

a 

2$ 
Zj 
M 

A 

3 

1 

4 



Knt 

Across 
Flats. 






I _ 

it 

» 

8 
It 

5 

it 



I 

*J 
i« 

•A 

3A 

3A 
3* 

3x1 
4 
4A 



Si 



it 
I 

# 

al 
3 



3 

3A 

3f 

4* 

4A 

J 

St 
6 



I 


A 


*A 


A 


If 


! 


3 


.1 


a* 


t 


aA 


iA 


*A 


'A 


» 


14 

it 


HI 


iA 


3tV 


iU 


3A 


Ul 


:1 


2 


3H 
3« 


aA 


a A 


4 
*A 


a 


ti 


5 


3l 



Ij 

« 

iA 
'A 



■A 
«A 

14 

'A 

>A 

'4 

'A 

iA 

>A 
■A 

i* 

'A 



// 



I 

h 



'A * 



I 



Set-Screw, 



! 

i 



Dowel 



M N 



A 

t 

A 
I 



A 



i 

A 

t 

A 
A 
A 



1 



4* Self-Locking Threads. — In the " Harvey Grip " thread, 
"te bolt has a ratchet-thread, under cut on the bearing side at 
'tout 5 degrees less than a right angle to the axis of the bolt and 
* e apex of the thread is cut to a knife-edge. The nut also has a 
tttchet-thread, the bearing side of which is about 5 degrees greater 
"**& a right angle to the axis of the nut. There is thus a cavity 
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of about 10 degrees between the bolt and nut-threads ; and, when 
the nut is screwed home, the axial pressure upon it forces the thin 
bolt-threads out into the nut-threads, thus filling the cavity and 
locking the nut. 

In another locking device of this class, the thread is triangular 
with the V cut off at }$ of its height from the top and filled in at 
yi the height from the bottom. The thread is thus about y 2 the 
height of the sharp V type and has broad flats. The threaded 
portion of the bolt has a taper of i in 48 to the axis, while the 
nut has the usual thread and is tapped straight. Hence, as the 
latter moves up the conical surface of the bolt, the metal of the 
broad-topped bolt-threads flows into the narrower nut-spaces caus- 
ing the threads to lock tightly. The fibre of the metal displaced in 
screwing the nut on, is broken when the nut is unscrewed. 

5. Spring-Washers. — A spring-washer, such as is shown in 
Fig. 520, is used frequently as a locking device. It is, in effect, 
one convolution of a helical spring which is interposed between 
the nut and the member to be secured. The nut is screwed home 
upon the washer and the elasticity of the latter produces a pres- 
sure upon the nut and, therefore, increased frictional resistance of 
the threads. 




Fig. 52^ represents one form of the Verona nut-lock, a spring 
washer which is not curved helically as a whole, but has the 
points thrown out, thus giving added power and cutting edges 
which engage the abutting surfaces. The tail-piece extension is 
used in railway construction in keeping the lock clear of the oval 
holes punched in fish-plates. 

The National Lock Washer, shown in Fig. 52^, has a sharp rib 
on its inner circumference and next the nut-face. When the nut 
is set up, it meets the rib, which, being harder than the nut, pro- 
gressively upsets and forces some of the metal of the latter into 
the bolt-threads. Hence, the nut is held not only by spring pres- 
sure but by a partially locked nut-thread. 
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Fig. 5 3 illustrates the Excelsior Double Nut Lock as applied to 
a fish-plate. It is of serpentine form with two loops and out- 
thrown points, and is bent into a shallow elliptic curve. Since it 
embraces two bolts, it cannot rotate with the nuts. 




Fig. 53. 

6. Lock-Plates. — The nut may be kept from reversing by a 
lock-plate fastened at one side of it, as in Fig. 54. The plate is 
held by a cap-screw tapped into the flange to be secured and is 
essentially but a thin wrench engaging the nut. The form shown 
will hold the nut in either of two positions, i. e. y with a side of the 
nut parallel or perpendicular to the centre-line, B-C. Lock -plates, 
single or double, are used frequently for the nuts of studs which 
join propeller-blades to the hub. The plate shown in Fig. 54 may 
have a slot for the screw, C, concentric with the bolt-centre. In 
that case, the plate may be shifted and the nyt locked in any position. 





o 



Fig. 54. 



Fig. 55. 



The Jones Tie-Bar Lock is shown in Fig. 55. It is a square 
washer with one end, A, flanged upward against the bar and the 
other extremity, B, bent downward against the side of the nut. 
The latter flange, B, is turned after the nut is in place. 

7. Split Pins. — Nuts not requiring frequent removal, as those 
of piston follower-bolts, are sometimes fitted with split pins. 
After the nut is in place, a hole is drilled through the bolt so that 
the pin when inserted will bear upon, and prevent axial move- 
ment of, the nut. Such a lock serves for but one position of the 
parts. 
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34* Wrenches. 

i. U. S. Standard. — Table XXXVII. and Fig. 56— which 
are reproduced herein through the courtesy of Messrs. J. H. Wil- 
liams and Company, Brooklyn, N. Y. — give the proportions of 
Engineers' Wrenches, Single Head, drop-forged, for the nuts of 
bolts ranging in diameter from J inch to 3 j inches. 



* fttrm/my tm MtJr of / 




effiEE^H 



Fig. 56. 
Table XXXVII. 



Engineers' Wrenches, Single Head. 
(Messrs. J. H. Williams & Co.) 



Number. 



For U. S. Standard 
Nut ; Size Bolt. 



Opening Finished. 



Extreme Length. 



Thickness 



jlead 



OO 
O 

I 
2 

3 
4 
5 
6 

7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
16} 

17 
18 

I9 i 

20 

20} 



i 

it 



It 

1 

m 

2 

n 

3i 

3" 

3 

4 

4_ 

5* 



n 

3t 
4f 
5f 
6J 
7t 



.a 

i6f 
18J 
20J 
22J 
24 
25* 
25l 
29* 
33 
37 
37 
44 
44 
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The length and thickness of similar wrenches — excepting that 
the handle tapers in the opposite direction — are given as, respec- 
tively, 59 inches and 2% inches. It will be observed that the 
opening of these wrenches is at an angle of 1 5 degrees with the 
handle. This inclination permits the turning of a hexagon nut 
completely around in positions where the swing of the handle is 
limited to 30 degrees — an important improvement which origi- 
nated with this firm. The proportions given in Fig. 56 are those 
of a wrench of medium size, the unit being the bolt-diameter. 
These proportions are modified somewhat as the wrenches become 
very large or very small, although the general design remains the 
same. Check-nut wrenches are shorter and, of course, thinner. 
Their dimensions are given in Table XXXVIII. 



Table XXXVIII. 



Check-Nut Wrenches. 
(Messrs. J. H. Williams & Co.) 



dumber. 


For U. S. Standard 
Nat; Size Bolt. 


Opening, Finished. 


Extreme Length. 


Thickness Head. 


602 
603 




» 


4i 
51 


H 


604 
605 


• 


t 


V 


4 


t 


607 


■ 


. 


J A 


8i 


A 


608 






A 


10 


♦ 


— -^6lO 


I 


" 


;t 


i3i 


t 



2. International Standard Thread (S. I.). — The origin 

aric ^ proportions of this system of screw-threads have been de- 

Cr *bed in § 20. A special committee of delegates from the As- 

° c i^tion of German Engineers, the Society for the Encourage- 

!/* e **t of National Industry at Paris, and the Swiss Union of 

e ^hanical Manufacturers met at Zurich, October 20, 1900, to 

0r **iulate an auxiliary standard system of wrench openings for 

^t^ and bolt-heads. A conference of delegates from these socie- 

e ^» on October 30, 1900, adopted and recommended for interna- 

0r *al use the system whose rules * follow : 

*Tie standard openings are considered as limiting dimensions which the nut is not to 
Q ^ed nor the wrench fall short of. 
^^"^° each diameter of the standard series corresponds a particular wrench opening. 

** American Machinist, April 4, 1901. 
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The same openings should be employed for diameters specially intercalated, between 
the standard ones. (This evidently means that where a bolt of special diameter is 
made, it should be given a head and nut of a standard size. ) 

The opening of the wrench is the same for the nut and for the head of the bolt and 
the screw of the same diameter. 

The same opening is applicable to rough nuts and machined nuts. 

It is recommended that the height of the nut be equal to the diameter, and of the 
head to seven tenths of the diameter. 

The following table gives these openings for all the standard diameters : 



Diameter of 


Pitch. 


Opening of 


Diameter of 


Pitch. 


Opening of 


the Screw. 




the Wrench. 


the Screw. 




the Wrench. 


mm 


mm. 


$mm. 


$mm. 


$mm. 


MM. 


6 


I 


12 


33 


3-5 


50 


7 


I 


13 


36 


4 


54 


8 


1.25 


15 


39 


4 


58 


9 


1.25 


16 


42 


4^ 


63 


IO 


1.5 


18 


45 


4^ 


67 


II 


1.5 


19 


48 


5 


7i 


12 


1-75 


21 


52 


5 


77 


14 


2 


23 


56 


5-5 


82 


16 


2 


26 


60 


5-5 


88 


18 


2.5 


29 


64 


6 


94 


20 


2.5 


32 


68 


6 


100 


22 


2.5 


35 


72 


6.5 


IQ5 


24 


3 


38 


76 


6.5 


no 


27 


3 


42 


So 


7 


116 


30 


3.5 


46 









The wrench openings in the above table approximate those deduced from the formui 
1.4 diameter (in millimeters) -)- 4 nim. 



CHAPTER III. 

RIVETED JOINTS. THEORY AND FORMULA. 

35. Rivets. 

Rivets are permanent fastenings used in joining the parts of 
metallic structures, such as the framing of buildings and bridges, 
the hulls of ships, the shells of steam boilers, and the plating of 
tanks, gasometers, etc. They are made in a forging machine 
(§ 31), the dies of which form under pressure, from the heated bar, 
a rivet-blank composed of the head and the shank or body. When 
the blank is reheated and set in the joint, a second head or point is 
wade by hand or power from the metal of the protruding extrem- 
ity of the shank. 

36. Proportions of Rivets. 

1. Head and Point. — The shape of the head is usually spher- 
lc *l or that of a frustum of a cone ; that of the point may be 
spherical, conoidal, or conical, the latter being the usual form with 
hand-work. Either the head or point or both may be counter- 
sunk and recessed in the plate, having then the form of an inverted, 
conical frustum. 

In the United States, riveted joints are designed without regard 
t° the resistance' to yielding opposed by the friction between the 
Plates, the rivet being assumed to have practically the same func- 
tion as that of a bolt subjected only to cross-shear. In effect, 
however, the rivet has an initial tension due to its contraction in 
ca °ling ; and, further, from the same cause, the shank is smaller 
. 3-n the hole through which it passes. Therefore, when the joint 
s loaded, bending stress precedes shearing in the rivet, and, in 
er vice, the latter thus meets compound stress of which tension is 
a f *ctor. 

*^f hile, therefore, the rivet is not intended for, and is untrust- 

0r thy in, tension, that stress acts in service within the shank, 

p °<iucing a consequent compression and tendency to shear 

***Un the head and point and to rupture at the junctions of 

e ^e features with the shank, especially if slight fillets are not 

^ a <Je at these places. In experiments made by Stoney on the 
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strength of iron rivets in tension, he found that, with |-inch rivets 
with pan heads and hand-made snap-points, in punched holes, the 
heads or points flew off under an average tensile stress of 12.32 tons 
per sq. in. of rivet cross-section. It is apparent that the contour 
and strength of these features of the rivet are important, not only 
because of the stresses met, but, as in marine work, bridges, etc., 
I where minimum weight is desirable. 

Good practice, with regard to the proportions of rivet-blanks 
for general service, is given by Table XXXIX. and Fig. 57, which 




Fig. 57. 

illustrate cone or "pan-head/* spherical or "button-head," and 
countersunk -head types, as designed by J. H. Sternbergh, Esq., 
President of the American Iron and Steel Manufacturing Com- 
pany. 

Table XXXIX. 

Proportions of Rivet-Heads. 
(American Iron and Steel Manufacturing Company.) 





Head. 


Shank, 
Diameter. 


Form. 


Diameter, 
Least. 


Diameter, 
Greatest. 


Height. 


Angle- 


D 

G 
K 


Cone. 

Button. 

Countersunk. 


£ = £> 


C = 1.75 D 
*= 1-75 G 
H 


A=.S 75 £> 
^=0.75 G 


35", 



K 
H 



I 

H 



a i ft 



ii. 






i 
it 



lit 



i 



liili- 



Similar proportions of Victor Steel Rivets, as made by *" e 
Champion Rivet Company, are shown in Table XL ^ 
Fig. 58. 
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Fig. 58. 



The button-head form, Fig. 590, is widely used for points and, 

,n structural work especially, for heads as well, excepting where, 

° m lack of space, the countersunk type, Fig. 59^, is required. 



Table XL. 





Proportions of Rivet-Heads. 
(Champion Rivet Company.) 






Diatom' 


Head. 




Fonn. 


Diam. Least. 


Diam. Greatest. 


Height. 


Angle. 




Cone. 
Button. 
Steeple. 
Countersunk. 


tt# 


2 D 


\D 
D 


4°° 



e former is much more trustworthy than the conical or steeple 
P°u*t, j?jg j^ usual with hand-work. 
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ct 



Fig. 59. 



*he pan-head y Fig. 59, c, d, is much employed in boiler and ma- 
tt 1 ^ Work generally. The form is one of great strength. The 
objections to it are its weight and the fact that unless its shortest 
dieter is equal to that of the rivet-shank, it is difficult to make 
"te latter and the head concentric. 
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The countersunk head or point, Fig. 59^, adds no weight to the 
joint and, when properly closed, its wedge-like form gives rigidity 
and produces maximum plate-friction. There is, however, a de- 
crease in the strength of the plate, owing to the additional metal 
removed and an increase in cost from the countersinking required. 
It is essential that countersunk heads shall fit the holes exactly 
when the rivet is driven home. The angle of countersink varies 
from 15 to 45 degrees. 

/ 2. Shank. — The shank is cylindrical throughout the greater 
/part of its length but tapers slightly toward the end. Its length 
ifc equal to the grip (i. e. f the combined thicknesses of the plates 
through which it passes) plus that of the additional metal required 
to fill the rivet-hole and to form the point. To permit the inser- 
tion of the heated and expanded rivet-blank, the rivet holes are 
usually -j- 1 ^ in. larger in diameter than the blank when cold. 
Again, in machine-riveting, the pressure upon the hot and plastic 
metal of the rivet is more continuous and severe than in hand- 
work, thus forcing more metal into the hole. 
/ Hence, the required length of shank, additional to the grip, de- 
fends upon the form of the head, the length and clearance of the 
rivet-hole, and the character of the riveting process. In aver- 
I age proportions, the total length of the shank is equal to the grip 
/ plus 1.5 times the diameter, with an increase, fixed by experiment, 
V for machine-riveting. The length of shank required to make a 
\ countersunk point is about that of the shank-diameter. 

The slight tapering of the shank under the head, Fig. $gd, adds 
strength at their junction and gives a better form for the conical 
hole made in punching. In drilled holes a short countersink is 
advantageous at this point in removing sharp edges left by the 
tool. 

3. Rivet-Heads and Plate- Friction. — The results of Pro- 
fessor Bach's extensive experiments upon plate-friction will be 
given in § 46. With regard to the magnitude of the friction be- 
tween the plates produced by the pressure of different forms 01 
rivet-heads, Stoney * gives the following results from tests made 
with steel rivets and steel plates, the joint being composed of a 
middle plate between two others, all united by three rivets in one 
row, the rivets being thus in double shear. The i-inch rivets 

* "Strength and Proportions of Riveted Joints," 1885, p. 75. 
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were used in ^-inch plates and the ^-inch rivets in j^-inch plates. 
With /tand-riveting, the mean frictional resistances, per rivet in 
tons, were : 

i-in. Rivbt. %-in. Rivet. 

Snap head and point 6.40 4.72 

Pan head, boiler point 7.36 4.52 

Fan head, countersunk point . . 8.55 6.25 

Countersunk head and point 9.04 4.95 

As a whole, these tests show the greatest friction for counter- 
sunk rivets, whose wedge-shaped heads, when properly driven, 
produce great pressure as the rivet contracts. In other experi- 
ments with snap-heads and points, but with machine- riveting, the 
mean friction per rivet was 9.6 tons for i-inch rivets and 5.9 tons 
for ^ -inch rivets. 

37. Rivet and Plate Metals. 

1 . Steel has very largely superseded wrought iron for rivets, 
plating, shapes, etc., in all structural, ship, and boiler-work. The 
following extracts, with regard to chemical and physical properties, 
are taken from " The American Standard Specifications for Steel,"* 
adopted August, 1 90 1, by the American Section of the Interna- 
tional Association for Testing Materials : 

Structural Steel for Buildings. 
*• Steel may be made by either the open-hearth or Bessemer process. 
2 ' Each of the two classes of structural steel for buildings shall not contain more 
***** o. io per cent, of phosphorus. 

3« There shall be two classes of structural steel for buildings, namely : Rivet Steel 
^d Medium Steel, which shall conform to the following physical qualities : 



iP^U 



VieS sfreagth, lbs. per sq. in.ch. 

Elo P " 1 ** m lbs. per sq. in., shall not be less than 

• — ~i?gg-tion,per cent, in eight ins. , shall not be less than 



Rivet Steel. 



Medium Steel. 



50,000-60,000 

}T. S. 

26 



60,000-70,000 

}T. S. 

22 



Structural Steel for Bridges and Ships. 

~ Steel shall be made by the open-hearth process, 
fi * Each of the three classes of structural steel for bridges and ships shall conform to 
*°llowing limits in chemical composition : 



S^i^pborus shall not exceed 



*ur shall not exceed 



Steel Made by 

the Acid Process. 

Per cent. 



O.08 
O.06 



Steel Made by 

the Basic Process. 

Per cent. 



O.06 
O.06 



'American Standard Specifications for Steel,' ' A. L. Colby, 1902. 
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3. There shall be three classes of structural steel for bridges and ships namely: 
Rivet Seeel, Soft Steel, and Medium Steel, which shall conform to the following 
physical qualities : 



RhrctSted. 


Soft Seed. 


Medium Sted 


Tensile strength, lbs. per sq. in. 
Yield point, in lbs. per sq. in., shall 

not be less than 
Elongation, per cent in eight inches, 

shall not be less than 


50,000-60,000 

JT.S. 

26 


52,000-62,000 

JT.S. 

25 


60,000-70,000 
JT.S. 
22 



Open-Hearth Boiler Plate and Rivet Steel. 

1. Steel shall be made by the open-hearth process. 

2. There shall be three classes of open-hearth boiler-plate and rivet-steel, namely: 
Flange or Boiler Steel, Fire-box Steel, and Extra Soft Steel, which shall 
conform to the following limits in chemical composition : 



| Fbnge or Boiler Steel. Fire-Box Sted. 
1 Per cent. Per cent. 


Extra Soft Sted. 
Percent 


Phosphorus shall not ex- f Acid, 0.06 1 f Acid, 0.04 

ceed i Basic, 0.04 | \ Basic, 0.03 

Sulphur shall not exceed J 0.05 j 0.04 

Manganese. 0^30 to 0.60 0^30 to 050 


O.04 

O.04 

O.30 to O.50 


4. The three classes of open-hearth boiler-plate and riret-steel, namely : Flangb 
or Boiler Steel, Fire-Box Steel, and Extra Soft Steel, shall conform to the 
following physical qualities : 




Flattse^rBoaer Rre-BoxSteeL . E««SoftS««L 



Tensile strength, lbs. per sq. in. ; 55,000-65,000 52,000-62,000 1 45,000-55,000 

Yield point, in lbs., per sq. in., shall ' | 

not be less than } T. S. } T. S, j JT.S. 

Elongation, per cent, in eight inches, ' 

shall not be less than 25 ; 26 I 28 _ ^ 

In all of the steels described above, modifications are made, for 
thin and thick material, in the required elongation. 

In general, steel rivets should be made by the open-hearth pro- 
cess, be low in sulphur and phosphorus, and be of a soft, ductile 
character. The following table gives the average of a number of 
analyses of Victor Steel Rivets : 

Phosphorus, per cent. 0.015 

Manganese, 4 * ** 0*460 

Sulphur. k4 " 0*032 

Silicon. " " OLO05 

Carboeu tfc 4 * alio 

With steel, there is practically no change in tenacity when tested 
with or across the direction of rolling. The results of numerous 
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experiments indicate that the ultimate sliearing strength of mild 
steel may be taken generally as 80 per cent, of the ultimate tensile 
strength. The allowable bearing stress upon the rivet or the sur- 
rounding metal ranges usually from 12,000 lbs. to 24,000 lbs. 
per square inch of the projected semi-intrados (diameter x thick- 
ness), although considerable latitude is given this stress by various 
designers. 

2. Wrought Iron. — Iron plates, rods, etc., differ widely in 
quality, owing to the nature of the processes through which the 
material passes in manufacture. In the puddling furnace, there 
appear globules of wrought iron whose centres consist of excess 
carbon and impurities. These, when passed through the rolls, are 
stretched into fibres whose outer surfaces are of soft iron, while 
the interiors contain foreign material as above. As a result of 
this lack of homogeneity, the fracture in some cases appears 
fibrous ; in others, from 30 to 40 per cent, crystalline. 

The ultimate tensile strength with the grain , i. e. y parallel to the 
direction of rolling, ranges from 45,000 to 5 5, 000 lbs. per square 
m ch. Across the grain, this strength is less, being, according to 
Bauschinger's experiments, about 78 per cent, of that with the grain. 
With regard to the shearing strength of wrought iron, Professor 
J- B. Johnson * gives the following summary of Bauschinger's 
elaborate experiments : 

'I Q general, we may say that the shearing strength across the thickness of the plate, 

er ^th or across the grain, is about 80 per cent, of the tensile strength, while, il 

e eternal forces lie in the plane of the plate and be applied on the planes of shear 

P er P e ndicular to the plane of the plate, the shearing strength is about the same as the 

" e strength. The shearing resistance on a plane parallel To the plane of the plate, 

le, if * Iess than 45 per cent, of the tensile strength. ' ' 

*** allowable bearing stress for pins and rivets upon the surface 

^e projected semi-intrados is usually taken in structural work 
as io , . , 

* 2 >ooo pounds per square inch. 

. ^spite the widespread introduction of steel, the use of wrought- 

n rivets still finds favor, especially in locomotive work. It is 

/^di that, for the sizes used in locomotives, steel rivets, machine- 

. Ve *i, are not so trustworthy as first-class iron rivets, the reason 

^n, being that : 

c< . 

„ *«V rapid distortion at one operation of the steel formed head is more than liable to 
.^*^ the tensile strength of the head. In other words, were the steel rivet driven by 

" Materials of Construction," 1898, p. 486. 
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band, the head would be stronger than when driven by machine and the contrary would 
be the case with the iron rivet. This is well recognized in conditions where snap- 
riveting is required and a leakage of the rivet in service requires calking. Under these 
conditions the steel rivet will stand more calking than the iron rivet, for the reason that 
the working due to hard driving has a refining effect on the steel and seems to improve 
its toughness, whereas the distortion and twisting of the grain of the iron rivet in driv- 
ing, seems to weaken instead of strengthen it" * 

3. Shearing Strength of Riveted Joints. — For iron rivets 
in steel plates, Traill f gives ^ as the ratio, in single shear, be- 
tween the mean shearing strength per sq. in. of the rivet and the 
mean tensile strength per sq. in. of the plate. For steel rivets in 
steel plates, this ratio becomes ff . A rivet in double shear he as- 
sumes to have 1.75 times its strength in single shear. Mr. J. M. 
Allen X takes 38,000 lbs. per sq. in. as the strength in single 
shear of an iron rivet in steel plates and assumes, in double shear, an 
increase of 85 per cent., or a total strength of 70,300 lbs. per sq. in. 

4. Copper, when used for the fire-box plates or stay-bolts of 
locomotive boilers, should have a minimum tensile strength of 
30,000 lbs. per sq. in. and an elongation of at least 20 per cent. 
in a section originally 2 ins. long. 

38. Rivet-Holes. 

1. Modern Practice, as to punching or drilling, varies some- 
what, although the tendency toward the drilled hole, with its 
greater accuracy and small liability to injury of the metal, grows 
steadily. In boiler-work, the U. S. Naval specifications require all 
rivet-holes to be drilled with the plates in position. The rules 01 
the American Boiler Manufacturers' Association permit punched 
holes in steel plate up to ^ inch thick ; in thicker plate, the holes 
may be either drilled or be punched and reamed. In structural' 
work the holes are punched, as a rule. For field-rivets, they af e 
drilled to templet or reamed with the connected parts in place- 
In hull-work, rivet-holes are generally punched from the faying 
surfaces of the parts to be connected. 

2. Ultimate Tensile Strength of Perforated Plates. --~ 
If a plate be perforated with a row of holes, as for riveting, W 
methods, as drilling, which produce no molecular disturbance 
within the metal immediately surrounding the hole, leaving that 

* Am. Engineer, Car Builder, and Railroad Journal, /May, 1 898. 
| "Boilers : Marine and Land," 1896, pp. 44, 45. 
* % Sibley -College Lectures, 1 890- 1. 
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metal unchanged in structure, the plate will break, when tested to 
destruction, in the line of the reduced section remaining through 
the rivet-holes ; but the ultimate tensile strength of that reduced 
section will be found to exceed materially that of the unperforated ' 
metal. In other words, if two plates of the same dimensions and 
material be thus treated, one solid throughout, the other perforated 
as above, they will rupture at different total loads, but the ultimate 
tensile strength, per square inch, of the net section along the line 
of holes will be greater than that of the metal in the solid plate. 
This apparent paradox is analogous to that which occurs with the 
"grooved specimens " discussed in § 27. The reduction in sec- 
tional area of metal along the holes lessens the space for the flow 
of that metal and checks its tendency to stretch. Hence, the con- 
traction of area is hindered and opposition to contraction gives in- 
crease in tensile strength. When the holes are punched, the speci- 
men is still " grooved " in type, but the condition that the metal 
surrounding the hole shall be uninjured by the perforation, holds 
no longer. Therefore, the gain in tensile strength is, in very thin 
plates, nullified ; and, in thicker plates, reduced by the loss in 
quality of the material. 

I 3. Punche^and Dies. — In punching, as shown in Fig. 60, 
the plate rests ton a die the bore of which is conical with the smaller 
diameter toward the punch. The 
base of the latter may be flat, givinp- 
a full circumference of cutting surface 
in action on contact, or the cutting 
e dge may be slanting or spiral (Fig. 
fcta) so that, on contact, only part of 
the circumference is cutting and, for a 
kttie, shearing proceeds in detail. 

With the spiral form, there is a 
saving in power when the thickness 
°f the plate is less than \ the di- 
meter of the hole to be punched. 

^°r plates beyond that thickness, the flat-faced punch is better, 
* n order to reduce the stress in the plate-metal, the die is made 
c °nical, as above, and its diameter is greater than that of the 
Punch by 10 to 15 per cent. The general practice is to make 
*!* e diameter of the die equal to that of the punch, plus 0.1 to 0.3 
titles the thickness of plate. 




Fig. 60. 
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The punch is subjected to crushing stress. The resistance to 
punching may be taken generally as that of shearing a section 
equal to the circumference of the hole multiplied by the thickness 
of the plate. Since a punch cannot withstand more than the total 
crushing force corresponding with its cross-section, it is apparent 
that there is a fixed limit to the thickness of plate which it will pierce, 

4. Effects of Punching. — On contact, the punch shears the 
circumference of the blank to be removed, thrusting, in its ad- 
vance, upon the body of the latter so that there is not only de- 
trusion but a lateral, plastic flow of a portion of the metal of the 
blank into the walls of the hole. The blank, when ejected, is, as 
the experiments of Townsend (§31) show, no denser than the 
original plate but its volume is less than that of the hole. 

The lateral flow produces molecular disturbance within the 
metal immediately around the hole, and a portion of this metal 
becomes dense and hard with a decrease in ductility and rise in 
elastic limit. There is also a loss in ultimate strength which may 
possibly arise from minute cracks in the affected metal. Since the 
thickness of the plate determines the allowable pressure upon the 
punch, the injur}' is less with thin plates. It is also smaller with 
ductile material, mild steel being stressed less than wrought iron 

Some experiments indicate that the flow and hardening are 
greater on the die side of the plate, while others show that the af- 
fected zone lies nearer the upper surface. In any event, the in- 
jured metal appears to be included wholly within an annular cylin- 
der, T *v inch or less in thickness around the hole. The remedy, 
therefore, is to punch the hole ^ inch smaller in diameter than de- 
sired and ream to finished size or else to anneal the plate. Either 
of these methods will remove the ill effects of punching. 

The loss of tenacity in punched plates not subsequently reamed 
or annealed, is with plates j[ inch thick and upward, from 10 to 25 
per cent in iron plates and from 10 to 35 per cent, in steel, the loss 
in the latter increasing with the thickness. The excess tenacity of 
a drilled plate is usually io to 12 per cent, although its maximum 
range may be double this, since this gain depends upon the propor- 
tions of the " grooved " specimen and the character of the metal. 

5. Drilled Holes have none of the disadvantages of those 
made by punching. The metal about the hole is uninjured since 
there is little pressure upon it and no lateral flow exists. Th e 
blank is removed from the hole in detail by cutting instead of be- 
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Forced out bodily by pressure and shearing. The drilled hole 
ild be slightly countersunk to remove the sharp edge, which, 
1 the joint is loaded, would aid in shearing the rivet. 
Tests of Drilled and Punched Plates. — The number of 
tests with joints, is large. The following tables * give, in 
nary, the results of experiments by Mr. Kirkaldy to deter- 
the ultimate tensile strength of steel plates : (a) drilled ; (b) 
hed ; (c) punched and afterward annealed. Plates 1 2 inches 
were used. In the £-inch, £-inch, and a part of the |-inch 
nesses, the number and diameter of the holes in each half of 
pecimen were, respectively, 6 inches and 0.79 inch. In the re- 
der of the |-inch and in the 1 -inch plate, the number and diam- 
ivere 6 inches and 1.08 inches, respectively. The results were : 

) Ultimate Stress per square inch of Gross Area at Holes. The stresses are 
in tons and are calculated with reference to the total sectional area of the plate, 
ing therein the part removed by perforation : 



aess, 


Jin. 


i in. 


fin. 


I in. 


d, 


2I.OjO 


19.60 


19.65 


18.30 


ed, 


I930 


16.65 


15.80 


13.45 


and annealed, 


20.I5 


18.55 


18.70 


17.80 



) Mean Stress in tons per sq, in. of Net Section between Holes : 



aess, 


Jin. 


i in. 


fin. 


1 in. 


d, 


36.21 


32.44 


31.64 


29.42 


ed, 


31.94 


27.53 


24.60 


21.02 


and annealed, 


3341 


30.75 


30.05 


27.82 


Plate, 


31.65 


29.15 


29.70 


27.70 



) Stresses in per cent, per sq. in. of Net Section compared with Solid Plate : 



less, 


Jin. 


i in. 


f in. 


1 in. 


1, 


1 13.8 


III. I 


106.4 


106. 1 


ed, 


101.0 


942 


82.5 


75.8 


and annealed, 


105.6 


105.6 


IOI.O 


100.3 



) Difference in per cent, between the Ultimate Stress per sq. in. of Net Section 
'forated and Unperforated Plates : 



less, 

t, 
a, 



and annealed, 



}in. 
Gain, 13.8 
" 1.0 
" 5-6 



i in. 
Gain, 11.1 
Loss, 5.8 
Gain, 5.6 



Jin. 
Gain, 6.4 
Loss, 17.5 
Gain, 1.0 



I m. 
Gain, 6.1 
Loss, 24.2 
Gain, 0.3 



om (A) it will be seen that the punched plates have the least 
ate strength and the drilled plates the greatest. (D) shows, 

Merchant Shipping, "Experiments on Steel," 188 1, pp. 12-14. 
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for the drilled plates, a gain in ultimate strength over that of the 
solid plate of 6.1 to 13.8 per cent., and a loss, in the punched 
plates from J-inch upward, of 5.8 to 24.2 per cent. The punched 
and annealed plates occupy an intermediate position, having a 
gain which is materially less than that of the drilled plate. The 
manner in which the ductility of the steel was affected by its treat- 
ment is indicated by : 

(E) Elongation in per cent, of Boies at Ultimate Stress : 



Thickness, 


tin. 


J in. 


fin. 


1 in. 


Drilled, 


24.3 


37.0 


37.6 


33-5 


Punched, 


11.7 


18.5 


II. I 


4-3 


" and annealed, 


27.1 


35.1 


33.o 


29.8 



As stated previously, the strength of a grooved specimen de- 
pends upon its form, the quality of the metal, and the method of 
"grooving" or, in these tests, of perforation. Hence the results 
given apply, quantitatively, only to the specimens tested, although 
the general principles which are indicated, hold true in all cases. 
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Fig. 61. 



7. Riveted Joints with Punxhed or Drilled Holes. — Joints 
in which the holes are punched or drilled give, under test, similar 
differences in strength, although the range of variation will not be 
the same as in the unriveted plates since the joint is a built-up 
structure and the load is transmitted from one plate to another in a 
complex manner. For example, in the double-butt-strapped joint 
shown in Fig. 61,* the plate and straps were fa inch thick and 

*Jour. Am. See. Xaval Engineers, XII., p. 4. 
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had a tensile strength of 55,000 lbs. per square inch; the rivets 
were |J inch diameter, and their strength was 40,000 lbs., and 
70,000 lbs. per square inch of section in single and double shear, 
respectively. The ultimate strengths of the joint, with the rivet 
holes made as below, were : 

Breaking Load in Lbs. 

Holes punched 261,600 

" " and reamed 286,800 

" drilled 308,200 

39^ Boiler-Seams ; Longitudinal, Circumferential, and 
S/' Helical. 

^tn the shell of a cylindrical boiler, circumferential or girth seams 
are perpendicular to longitudinal seams, and the latter are parallel 
to the axis. Helical, in place of longitudinal, seams have been 
used to a slight extent for shells, and are employed in riveted pipe. 
In Fig. 62, let : 

4— ^ 




Fig. 62. 



Jl = radius of boiler-shell ; 
/= thickness of boiler-shell ; 
p = steam-pressure per gauge ; 
C= length considered of circumferential seam ; 
L = length considered of longitudinal seam ; 
H=* length of helical seam equivalent to L ; 
% S, =» unit tensile stress on circumferential seam ; 
*S/ =» unit tensile stress on longitudinal seam ; 
*S/' =» unit tensile stress on helical seam. 
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Assume all joints as having the full strength of the plate, i. e. } 
as if welded. The total load on the circumferential seam is that 
on the boiler-head, or nK* x /. The resistance of the entire seam 
is the product of its length, thickness, and the permissible unit 
stress, or 2nR x^x5 ( , Equating the load and resistance ; 

From equation (4) and Fig. 1 : 

S/.^-aS, (78) 

i. e., the longitudinal have double the unit stress of the circum- 
ferential seams. Expressing C t L and H in the same units : 

Normal load on length, C= C.S t ; 

Normal load on length, L = L.S/ = 2L.S V 

The normal load, N> on the helical seam is the sum of the 
components of the loads on seams C and Z, which are normal to 
seam H. 

Component of CS V normal to H = C.S t - cos a; 

Component of 2L.S normal to H = 2Z.S,sin a. 

N= C.S t - cos a + 2L.S t sin a. 

^V^+^;sin« = ^=;cos a = ^ 1 

The unit tensile stress on the helical seam will be equal to the 
total normal load on the seam divided by the length of tw 
latter, or: N Q + 2D ^ 

If C=L, S,"= 1.55,; 
if C=2Z, 5/'= 1.25,; 
if C=iL, S,"=i.iS t . 

Tf is 

The stress on the longitudinal seam is 2S t in all cases. il 
apparent that the stress on the helical seam decreases as C g r0 ^ ' ' 
If Z = o, the helical seam becomes circumferential and S t " ** ( 
If C= o, the seam is longitudinal and S t " = 25 r 
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The strength required in the seam is decreased by the helical 
form but its cost is increased by the greater length of the joint and 
by the necessity for the use in all but small boilers of plates with 
inclined sides, as shown in Fig. 62, laid in circumferential bands 
or courses. This waste of metal is avoided in Root's spiral riveted 
pipe, which is made of single strips, joined by welding to any de- 
sired length and wound and riveted helically to form the pipe. 
The thickness of the plate varies from No. 28 to No. 12, B. W. 
G., and the approximate bursting pressures are given as ranging 
from 900 to 1,300 lbs. per sq. in. at 3 ins. diameter to 1 10 to 335 
lbs. at 24 ins. diameter. The pipe is used for water, exhaust 
steam, etc. 

40. Forms of Riveted Joints. 

The function of a riveted joint may be simply that of resisting 
direct stresses upon it, as in structural work ; or there may be 
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added to this the requirement that the joint shall be also tight 
fgainst fluid pressure. The latter is, in steam boilers, high and 
Eternal; in hull and gasometer plating, moderate or light and 
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external and internal, respectively, to the joint. The duty of the 
latter affects materially its proportions. 

The plates are, in the simplest form of joint, united by being 
overlapped and riveted ; in stronger but more complex forms 
they abut, the seam being covered infrequently by one, but usu- 
ally by two, external and internal butt straps or cover plates, 
which are riveted to the plates and to each other. Lap Joints are 
shown in Fig. 63. One plate rests upon the other and rivets con- 
nect them. Fig. 64 illustrates Double-Strapped Butt Joints, In 
this form, the main plates do not overlap, but remain in the same 
plane, the straps being above and below the latter. Fig. 61 
shows a similar joint with straps unequal in width ; Fig. 65 a Sin- 
gle-Strapped Butt Joint ; and Fig. 66 a Single-Strapped Lap Joint. 

Joints differ also with regard to the number and arrangement 
of the rows of riveting which are placed parallel to the plate-edges 
in a lap-joint or on each side of the seam in a butt-joint. There 
may be from one to four rows, giving a single, double, treble, or 
quadruple-riveted Joint. In chain-riveting (Fig. 63, 6, d) the 
rivets in adjacent rows are set one behind the other on a line per- 
pendicular to the seam. In staggered {zigzag) riveting (Fig. 63, 
c , e) the rivets are en echelon, being placed on a line which meets 
the seam at an angle. In both of these forms, alternate rivets in 
the outer or inner rows or in both may be omitted. Group rivet- 
ing, as shown in Fig. 67, is sometimes employed in structural 
work. The rivets are disposed usually in arithmetical series, pro- 
ceeding from the centre outward with an increasing pitch. 

41. The Elements of a Riveted Joint. 

In order to allow for the expansion of the heated rivet-blank, 
rivet-holes of average size are made -fa inch larger in diameter 
1 than the rivet when cold. In calculating the strength of a joint, 
the diameter of the hole, not that of the unheated rivet-blank, 
should be considered, since the latter is upset in riveting so that it 
fills the hole excepting for the slight contraction in cooling. The 
pitch. /, Fig. 63, <i, is the distance parallel to the seam between 
consecutive rivets in the same row. Where alternate rivets are 
omitted in any row, as in Fig. 64, J % the pitch of the joint and that 
used in calculation, is the greatest pitch in the several rows, since 
lines, as «-« and o-r. drawn through the centres of its bound" 
ing rivets and normal to the seam, will include a section of the 
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joint which forms a repeating pattern throughout the whole extent 
of the latter, so that such a section represents fully the construc- 
tion and strength of the joint. 

The transverse pitchy or distance between the centre-lines of 
adjacent rivet-rows in a direction normal to the seam, as V, Fig. 
64* c t d, differs in magnitude in chain and staggered riveting. The 
diagonal pitch, p# in the same figures, is the distance between the 
centre of a rivet and that of the one nearest it diagonally in the 
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Fig. 67. 



Fig. 68. 



r^ 



Fig. 69. 

next row. The margin is the width of plate or strap between the 
cen tre of the outer row of rivets and the edge, as E y Figs. 63, a, 
^d 64, c. The lap, in lap-riveting, is the amount by which one 
plate overlaps the other ; in butt-riveting, it is the extent by which 
the strap overlaps one plate. In both cases it is equal to 2E, plus 
the distance between rivet-rows. Before discussing these various 
dements of the seam in detail, consider 

1. The Manner of Failure of a Joint. — Take the simplest, 
ca se — that of the single riveted lap-joint, Fig. 63, a. This joint, 
w hen tested to destruction, may fail by : 

(0) Rupturing the plate between the rivet-holes, as in Fig. 68 ; 

[6) Shearing the rivets, as in Fig. 69 ; 

(c) Rupturing the margin, as in Fig. 70 ; 

{d) Shearing the margin, as in Fig. 7 1 ; 

[e) Crushing the plate or rivet, as in Fig. 72. 

In staggered riveting, rupture as in (a) may proceed along the 
diagonal pitches, if the latter are weak as compared with the 
longitudinal pitch. The same action, under the same conditions, 
^y take place in chain-riveting with alternate rivets omitted in 
the outer row. In staggered riveting with alternate rivets omitted 
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in the outer row, as in Fig. 73, (a) may occur along the pitch, 
A-D, or along two diagonal pitches and the semi-pitch, as A-B- 
C-D. In double butt-strap joints, (b) cannot take place unless 
the main plate shears each rivet at two sections. 

In complex joints, failure may be due to both shearing and rup- 
ture, thus a lap-joint riveted as in Fig. 64, h or k, may give way 
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Fig. 70. 



Fig. 71. 



Fig. 72. 



by shearing the rivets in the outer row and tearing the plate along 
the rivet-holes of the central row. Each form of joint requires 
separate investigation with regard to each possible manner of 
failure. In design, the desire is usually to make the joint, as 
nearly as possible, equal in strength throughout Its efficiency is 
measured by the ratio of the tensile strength of the net section of 
plate-metal left along the line of the greatest pitch, as compared 
with that of a similar section, one pitch long, of the solid plate- 



~~k 3 5 

/$-— s> — e — 1 — o 



o 



a— -£— 



Fig. 73. 



An excess of strength, within reasonable limits, in other elem en 



of the joint is not material, if that of the net section as above 



be 



fully utilized and yet be slightly less than those of the seam * 
other respects, so that rupture will occur along that line, si nce ' 
especially in joints for tightness, an unnecessarily wide pitch n ° 
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only gives surplus metal and inequality of strength but adds to 
the difficulty of making the joint tight. 

2. Rivet-Diameter. — In a single-riveted lap-joint, let : 

d=s diameter of rivet ; 

/ = pitch of rivet ; 

*= thickness of plate ; 
S t = unit ultimate tensile strength of plate ; 
S e a= unit ultimate crushing strength of plate or rivet ; 
^, = unit ultimate shearing strength of rivet. 
Then, considering a section of the joint one pitch wide : 
Tensile strength, net section of plate = (/ — d)t-S t ; 



Crushing strength, plate or rivet 


-J-t-S.; 


Shearing strength, rivet 


nd* „ 


For equality of strength throughout : 




Ttd 2 A. 

J-fS,- S,.\d=* 

° 4 * JT 




dt.S e = {p-d)t-S t .'.d^^j-p = l 


m which C and K are constants. 


C f 



(80) 
(8i) 



It will be seen that, for equal strength throughout, the maximum 
permissible diameter of the rivet is fixed by the thickness of the 
plate; that, for that maximum diameter, there is but one pitch 
w Wch is suitable under these conditions ; and that, if a less diam- 
€ter than the maximum be used, the pitch, for equal strength, 
changes with it. 

Again, if the holes are punched, the permissible rivet-diameter 

0r a given thickness of plate is limited also, as stated previously, 

y the ultimate strength of the punch, which, for crushing, is 

^ 2 /4 • S e . The minimum shearing resistance of the plate is the 

^^ of the sheared section x the unit ultimate shearing strength, 

0r Ttdt-S,. Equating: 

— .S c = 7rd't'S 9 .:d=^t = k-t* 
4 \ 

1X1 Which k is a constant. 

In structural work, the rivet-diameter is usually | in. or -| in. 

With cylindrical steam-boilers, the shell -diameter, steam-pressure, 

*Unwin : "Machine Design," 1901, I., 122. 
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type of longitudinal seam, and factor of safety determine the thickness 
of the shell-sheets. From that thickness, the diameter and pitch 
for equal strength throughout, may be found from formulae similar 
to (80) and (81). In hull-work, the diameter of the rivet varies 
from \ in. to 1 \ ins., depending upon the thickness of the plating. 
3. Multiple Riveting. — The efficiency of the single-riveted lap 
joint is but little more than 50 per cent, *>., (/ — d)t -z-p /= 0.5, 
about Hence, only about one half of the full strength of the 
connected plates is utilized. This seam is employed only where, 
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Fig. 74. 

owing to caulking, corrosion, or other reasons, a sheet relatively 
so thick is used that the fractional strength, as above, will suffice 
to resist the load upon the joint. 

Assume a single-riveted lap-joint just capable of bearing, with a 
proper factor of safety, a given load and let it be desired to aug- 
ment this load without increasing the thickness of the plate. It is 
evident that the strength of the joint must be made greater in ten- 
sion, shearing and bearing to resist stresses (a), (ff), and (e), disre- 
garding, for the time, the stresses (c) and (d) within the margin- 
To provide for the rise in stress (a), the net plate-section must be 
greater, i. c, there must be a wider pitch. This extended pitch 
will, from (81) and the increase in shearing load, (6), per rivet, 
necessitate a larger rivet-diameter. The latter, however, is lfa" 
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ited, for equal strength, by (80) and, in practice, by the growth 
in the pressure required for forming the rivet-point, which pres- 
sure increases with the size of the rivet, but is restricted by the 
thickness of the plate. Again, the pitch, in steam-joints is lim- 
ited by the necessity for tightness. For these reasons, multiple 
(double, triple) riveting must be adopted in such a case. There is 
a marked gain from multiple riveting, owing to the better distri- 
bution of the material of the joint. 

Graphically, this distribution is shown in Fig. 74, in which the 
boiler plate is assumed, with regard to shearing and tensile stresses 
only, to be divided into tension-links and redundant material, the 
latter being shaded in the diagrams. The width, b y of the link- 
bars is so proportioned that the total strength of the link in ten- 
sion, 2bt-S v is equal to the shearing strength, 7cd 2 j^- S a , of one 
rivet, the latter being in single shear. To provide for bearing 
stress, the width of the link at the head should be 1 j£ to 1 y 2 
times b. In (c) and (e), p and d are the same, the former be- 
ing relatively greater and the latter relatively less than in (a). 
Hence, the net-plate-section, (/ — d)t, and the efficiency, (/ — d)t 
+ pt are greater in the double-riveted joints and the proportion 
of redundant material is less. 

4. Pitch. — The minimum pitch permissible is governed by 
several considerations. If the distance between adjacent edges of 
rivet-holes, is less than the diameter of the rivet, the stress in 
punching or the lateral pressure of the plastic rivet-blank in 
riveting, may crack the plate between the rivet-holes. Again, 
the maximum diameter of the rivet-point is usually 1.75 times 
that of the hole, so that a pitch of two diameters gives barely 
enough space for the riveting dies. In practice, the minimum 
pitch is generally from 2.$d to id in various classes of work. 

// The minimum pitch permissible depends upon the service of 
the joint. If the latter is to be steam-tight, the pitch should be 
^ equal to, or less than, that demanded by equality of strength. 
In such a case, the steam tends to enter between the laps or 
straps and the plates of a joint ; and the strip of metal between 
two rivets is, very approximately, in the condition of a beam fixed 
at its ends and loaded uniformly. The maximum deflection of 
such a beam is : 

J - 3 8 4 £/' 
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in which w = unit pressure, /= span, i. e., pitch, E— niodulus of 
elasticity, and /= moment of inertia of the section of the beam. 
Since the deflection thus varies as the fourth power of the pitch, 
the latter, to prevent leakage, should be as small as possible. 

In structural riveting, this requirement as to fluid pressure 
does not exist, but the rivets must not be spaced too widely or 
the joint may open sufficiently for moisture to enter, thus causing 
rusting and eventually bursting the joint. Again, when the joint 
is in compression, the strip between two rivets is essentially a col- 
umn and is, therefore, subject 
to flexure. In the direction of 
the stress, the pitch should not 
exceed, as a rule, 6 inches or 16 
times the thinnest outside plate 
connected. Transversely to the 
stress, the pitch may be 32 to 
times that thickness. 

Diagonal Pitch. — In 
pn-joints, the stress along 
the line of the pitch, /, is ten- 
sile only, while in the direction 








W 



Fig. 75. 



of the diagonal pitch, p d , there 



are both tensile and shearing 
components. Hence, the resistance of the metal along p d is, with 
regard to tension normal to the seam, less than that of the same 
section if located parallel to /. From Fig. 75,* we have: 

Total load on \ pitch, A-C= W= (p — d)t- S t . 

This load must be borne also by the metal along the diagonal 
pitch, A-B. Resolving W parallel and perpendicular to A-B : 

Shearing component of W along A-B = (/ — d)t- S t -sind ; 

Tensile component of W, normal to A-B = (/ — d)t • S t - cos 0. 

The unit shearing stress, S 9 , on the net section along A-B 
will be equal to the total shearing load on that section, divided by 
the area of the section, i. e., 

(p — d)t-S t - sin d 



5 = 



(A-0> 



♦Commander A. B. Canaga, U.S.N., Jour, Am. Soc. Naval Engrs., VIII., 2. 
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Similarly, the unit tensile stress, S/, on the net section along 
A-B will be equal to the total tensile load on that section, di- 
vided by the area of the section, i. e., 

{ p-d)tS t cos 

For steel plates, the unit shearing stress on any section should 
not exceed -^ of the unit tensile stress. Hence : 

5, = 0.8 S/ f 

(p—d)t-S t sin (p — d)t-S t cos 

sin = Jf cos ^ ; tan = 0.8 .\ = 38 40'. (82) 

tan = F-*- - = 0.8, .-. F= 0.4/. (83) 



Also 



The value of V depends thus upon that of and the latter is 
determined by the assumption that S t = 0.8 Sf. As a general 
rule, Traill takes the available resistance of the metal along the 
diagonal pitch, fpr tension normal to the longitudinal pitch, as | 
of that of the same section along the latter pitch. 

6. Transverse Pitch. — The value, V y of this pitch has been 
calculated in the preceding section for staggered riveting with no 
rivets omitted in the outer row (Fig. 64 c) and for chain riveting 
with alternate rivets omitted in the outer row (Fig. 64 d). When, 
in staggered riveting, alternate rivets are omitted in the outer of 
several rows, the values of Ffor the outer and the next rows are 
different, since, as shown in Fig. 73, rupture may occur along the 
pitch, A-jD, or along two diagonal pitches and a semi-pitch, as 
A-B-C-D. The calculation for the value of Fmust be based, 
therefore, on an equality of strength in these two directions. The 
method will be given later in the deduction of Traill's formulae. 

In simple chain riveting, the minimum value of Fis fixed by the 
same considerations which govern the minimum pitch, i. e., to pre- 
vent cracking the plate and to provide room for making the rivet- 
point, V f minimum, should not be less than 2d and is preferably 
2.$d in boiler-joints and 3d in structural work. 

Margin and Lap. — To avoid cracking the plate in punch- 
■ or riveting, the distance from the nearest edge of the nearest 
rivet-hole to the edge of a plate or strap should not be less, as 



150 MACHINE DESIGN. 

experience has shown, than the diameter of the rivet-hole. The 
margin is measured from the centre of the hole. The least value 
of the margin is therefore : 

£= i.Sd. (84) 

The width of the lap depends upon the form of the joint. Thus, 

in Fig. 63 a, it is 2E; in Fig. 63 6, 2E + V; in Fig. 64 6, 2E + 2 V v 

As noted previously, the rivet tends to rupture the margin, as 

in Fig. 70, and to shear it, as in Fig. 71. In designing the margin 

for rupturing stress, the portion of the plate included between the 

rivet and the edge may be taken, approximately, as a rectangular 

beam, fixed at the ends and loaded in the middle, since the rivet 

is slightly less in diameter than the hole and has, theoretically, 

but a line bearing on the walls of the latter. For such a beam, 

the general formulae give : 

I I bd % 

M=\-W-l=S'- and -=^r> 

8 ' C CO 

in which M = maximum bending moment, W= total load, / = 
span, 7= gravity moment of inertia of the cross-section of the 
beam, c = distance of most remote fibre of the cross-section from 
the neutral axis, b = breadth, and d = depth of beam. In the 
assumed beam : 

Span = diameter of rivet = d; 
Breadth = thickness of plate = / ; 
Depth = E—d/2 (Fig. 70) ; 
Distance c = \ depth = \ (is — d\ 2); 



/ <'-if 



c 



Let F= factor of safety and S t -r-F= allowable working stress. 
Substituting : 

It is assumed — necessarily, but practically without warrant — that 
the load on any pitch-section, as tn-n-o-r, Fig. 64 d, is divided 
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equally among the rivets in that section. Thus, in the figure re- 
ferred to, the total permissible load on the section is : 

{p-d)t-S t +F; 

and, since there are three rivets in the section, the load per rivet is : 

{P~d)t S, 
3 'F' 
In general, let n = the number of rivets in the section. Then : 

H , (p-dy s, 

W ~ n F' 

Substituting in (85) : 

iP-d)t S,d_S, t \ E ~~2); 
n F 8~ F' 6 



which equation applies to both lap and butt joints. In a good 
design, it gives a close approximation to £ = i.$d, as in (84). 

The shearing and crushing of the portion of the plate between 
the edge and the rivet, as in Fig. 71, remain to be considered. 
For equal strength of margin with regard to these stresses, we 
have : 

Resistance to shearing = 2 ( E 1/ • S $ ; 

Resistance to crushing = dt-S e . 

Assuming S, = | S e and equating : 

-£= 1.25 d. 

Hence, if, as * n (^4)> -£= I -S^» ^at width will be more than 
sufficient to withstand all stresses in the margin. 
V< 8. Chain and Staggered Riveting. — If the diagonal pitch 
Be properly proportioned, there is, theoretically, no difference in 
strength between chain and staggered riveting, although some 
tests have shown a slight advantage in favor of the former. The 
practical advantage of staggered riveting is thatjDressure joints 
may be made tighter, owing to the reduced width of thelap. 1 he' 
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breadth of the latter depends upon that of the margin, E, and of 
the transverse pitch, V. In chain riveting, F== 2 to 2. 5^= mini- 
mum pitch, / ; in staggered riveting, as shown, V= 0.4/, theo- 
retically, although practically it is greater. 

For example, in double-riveted lap joints, Fig. 63 6, c, in boiler- 
work, with steel plates and steel rivets, with plate-thickness, /= 0.75 
ins., rivet-diameter, d— 1.125 ins., and pitch, /= 3.30 ins.; 





Staggered. 


Chain. 


E=i.sd=? 


I.69 


I.69 


V=z 


I.78 


2.75 


2E+ F=Lap = 


5.16 


6.I3 



9. Butt- Joint, Single Strap. — This seam, Fig. 65, consists 
essentially of two abutting lap-joints. Theoretically, it has, in 
tension and shear, no more strength than the latter, and, to resist 
these stresses only, the strap need be no thicker than the con- 
nected plates. Its practical advantage lies in the fact that the 
plates are in the same plane and the bending to which they are 
subjected in lap-joints is largely removed. The tension on the 
plates will, however, tend to bend the strap ; and, for this reason, 
the latter should be thicker than the plates, the increase depend- 
ing upon the form of the riveting but being, as a minimum, }i the 
thickness of plate, when no rivets are omitted. //The sole advan- 
tage of this form of joint lies in the resistance 'ko bending stress 
offered by the thick strap. Its relative cost, as compared with 
that of stronger joints of the double-strap type, warrants its use in 
exceptional cases only. 

10. Butt-Joints, Double Strap. — The advantages of this 
joint, Fig. 64, are that, not only are the connected plates in the 
same plane, thus transferring bending stress from them to the 
straps ; but the rivets, with regard to the plates, are in " double 
shear," i. e., neither plate can withdraw from the joint without 
shearing, across two sections, each rivet passing through it The 
efficiency of each rivet is, therefore, as compared with the lap or 
single butt-joint, apparently doubled in shearing, although, as will 
be shown later, the strength in double shear is not twice, but about 
1.75 times that in single shear. 

The progressive increase of efficiency of this joint with multiple 
riveting, is limited by the fact that the resistances of the plate and 
rivet to bearing stress are not doubled with that to shearing. For 



i r 1 



I 



RIVETED JOINTS. 153 

:ample, consider a i^-in. rivet passing through f-in. steel plate, 
ike S 8 = 44,000 and S = 70,000. Then : 

Single Shear. Double Shear. 
Ultimate bearing load = d • / S c = 59>o8o 59>o8o 

" shearing " =nd*J4-S a = 43,736 

« =ird*l4.S a Xl-75= 76,538 

1 single shear, the rivet has an ultimate strength of 43,736 lbs.; 
1 double shear, of 76,538 lbs. The bearing strength is the same 
1 both cases, leaving, in double shear, a surplus shearing strength 
r 17,458 lbs., which is unavailable, since the limit in bearing has 
-en reached. The data, as above, will be regarded simply as 
1 indication of the principle involved. 

The double-strap joint has also, and in greater degree, the ad- 
intage of the single-strap joint in relieving the plates of bending 
ress. With regard to tension and shear only, the thickness of 
e straps need be but one half that of each connected plate, 
wring to bending stress, however, as in the single-strap joint, each 
ap should have, as a minimum, | the thickness of the plate, 
len no rivets are omitted. 

1 1. Butt-Joint, Unequal Straps. — The butt-joint with double 
aps unequal in width, Fig. 61, is stronger than a joint with 
ual straps of the narrower width, owing to the added rivets of 
der pitch in the outer row. A properly designed joint of any 
^e is so proportioned as to take full advantage of the tensile 
ength of the net section of metal along the pitch section. In 
uble shear, the shearing resistance, as shown, grows more 
:>idly than the tensile and bearing resistances of the joint. 
snce, by increasing the width of the inner strap and adding two 
'ets, doubly spaced, as at A and B, Fig. 61, the length of the net 
ite-section becomes / — d, instead of p/2 — d y as at C-D y and the 
aring resistance is increased also, without adding more shearing 
rength than that given by one rivet in single shear. The main pur- 
>se of this type of joint is to enlarge the net plate-section, as atA-B. 
This joint has met wide adoption in stationary and locomotive 
>ilers. It has a practical advantage in that, as the wider strap 
always placed inside, there is a section of metal within the shell- 
leet and back of the calking edge on the outer strap. If, through 
id calking, the shell-sheet be indented on the outside, the inner 
rap acts as a support instead of providing an edge over which 
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the shell-sheet may bend and crack. The half-pitch, at C-D f 
ensures tightness. 

12. Lap-Joint, Single Strap. — This joint, Fig. 66, consists 
usually of an ordinary single-riveted lap-joint with, on the inside, 
a butt-strap or welt-strip covering its whole length. There are 
three rows of rivets. Those in the centre pass through both plates 
arid the strap ; those in one outer row extend through the strap 
and one plate ; and those in the other row, through the strap and the 
other plate. The pitch of the outer rows is twice that in the centre. 

This joint is intermediate between the lap and butt types. Its 
narrow central pitch ensures tightness while the wide pitch of the 
outer rows gives increased length of net plate-section. The inner 
edge of the main seam is inaccessible ; but the joint is stronger 
than the lap-form in tension and shearing and the strap makes it 
stiffer against bending. The strap, when below the water-line in 
a boiler, prevents in a lap-joint the action known as " furrowing," 
i. e., the corrosion in grooves of the plate-metal near the joint. 

1 3. Group Riveting, Fig. 67. — This form of joint is applicable 
daily in structural work for splicing narrow plates, etc. The 

stresses in the net section of plate decrease from Row No. II. on- 
ward and, in a lap-joint, efficiencies varying with the number of 
rows and ranging from 80 per cent, upward are obtained. The 
rivets are disposed in groups according to an arithmetical series, 
the number in the rows being : 

1, 2, 1 ; 
or, 1, 2, 3, 2, 1 ; 

or, 1, 2, 3, 4, 3, 2, 1, etc. 

, 42. The Theoretical Strength of Riveted Joints. 

I The riveted joint is a structure whose character and methods of 
manufacture forbid extreme refinement of design. The plates are 
not only exposed in various parts to direct tension, compression, 
and shear, and the rivets to the latter two stresses in addition to their 
initial tension ; but there is also, in service, bending action on the 
rivets and on the plates or straps. Even on the assumption 01 
perfect workmanship throughout, the relation of the various 
stresses, with regard to any element of the joint, is so comp' eX 
that a fair approach to the value of the resultant stress could be 
obtained only by intricate calculation. Again, assuming such a 
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calculation as possible in practical design, its results would be af- 
fected materially by the process of manufacture of the joint, which 
process is essentially of such a nature as to exclude the accurate 
fitting and alignment which are required for the correct distribu- 
tion of the total load among the rivets, plates, and straps. 

The many tests of joints give information of much value. That 
information is, however, conclusive only in revealing the apparent 
stress at which certain elements of that particular joint yielded. 
The actual stress which existed within those elements at destruc- 
tion is, owing to hidden components, unknown ; and the rearrange- 
ment of stresses which occurs at various stages of a test renders 
impossible an accurate determination of anything more than the 
apparent load on any element at any time. 

Furthermore, the majority of published tests have been made 
upon thin plates which develop, as a rule, maximum ultimate re- 
sistance ; the bulk of the test specimens have been narrow sections 
of the joint ; and the method of testing is direct tension on a plane 
specimen. In practice, on the other hand, the plate is, in boiler- 
work, if thin, of small diameter and great curvature ; or, for high 
pressures, maybe of large diameter and less curvature but of maxi- 
mum thickness. Again, in structures, a joint — for example, that 
in the web of a plate-girder — may be in tension at one end and in 
compression at the other ; or, as in the multiple plate form of 
chord construction, it may present conditions which differ widely 
from those of the simple joint tested in tension. 

While, therefore, actual experiments upon joints give the only 
available knowledge of their final strength, the use in designing 
of the results thus obtained should be governed by the conditions 
of the specimen tested and of the joint required. As a rule, prac- 
tical designing regards only the simple stresses in plates and rivets ; 
neglects, except in the added thickness of butt-straps, the bending 
action within the joint ; allows for these omitted stresses by the 
use of a fair factor of safety ; and accepts the efficiency of the 
joint as thus computed. 

I. Notation. — In the discussion of joint-strengths which fol- 
lows : 

d = diameter of rivet ; 

n an number of rivets in the pitch-section, i. e. y a strip of joint 
of length p ; 
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t ass thickness of plate ; 
t x = thickness of single butt-strap = i-J-f; 
t % = thickness of double butt-strap = \t ; 

/ = pitch, longitudinal, greatest ; 

p d = pitch, diagonal ; 

V=* pitch, transverse, in staggered riveting, with no rivets omit- 
ted, and in chain riveting, when alternate rivets are omit- 
ted in outer row ; 

V x = distance between outer and next row of rivets in staggered 
riveting, when alternate rivets are omitted in outer row ; 

E = width of margin == i.$d ; 

c = shearing constant = I for lap and single butt-strap joints 
and 1.75 for double butt-strap joints ; 

R == ultimate resistance in tension of a strip of solid plate, the 
width of the greatest pitch, p ; 

R t = ultimate resistance, in tension, of joint ; 

R a = ultimate resistance, in shearing, of joint ; 

R e = ultimate resistance, in bearing, of joint ; 
R m = ultimate resistance of joint, with alternate rivets in outer 
row omitted, when joint yields by tearing the plate 
along the central row and shearing one rivet in the outer 
row; 

S t = ultimate unit tensile stress of plate ; 

S t = ultimate unit shearing stress of rivet ; 

S e = ultimate unit bearing stress of rivet and plate ; 

E t = tensile efficiency, per cent, of joint = RJR X 100 ; 

E $ as shearing efficiency, per cent., of joint = RJR X 1 00 ; 

E e s= bearing efficiency, per cent, of joint = R e /R X 100 ; 

E m = efficiency, per cent., corresponding with the ultimate re- 
sistance, R m , or E m = R m /R x 100. 

2. Lap-Joint, Single Riveted. — Fig. 63 a. In this joint, 
n sss 1. We have : 

R t =(p-d)t-S t ; 

R c = dt S e ; 
R — p't-S? 
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For equal strength throughout : 

R t = R t = R e ,i.e., 

( P -d)tS t = dtS e ; (87) 

nd 2 

— S 9 = dt'S e . (88) 



From (87) : 
From (88) : 



4 
p = j e d+d. (89) 



E t = j£x 100 = ( *— ; — ) 100 : 



x xloo -Kt?) 



£t== R X IOO= ' ^- ''"'T ) 100 



^ = -xioo=(-.-jioo. 

It will be noted that (89) and (90) are derived by equat- 
ing the bearing strength of the joint to its tensile and shear- 
ing strengths. . As will be shown later, the ultimate compressive 
or bearing strength of a rivet in its hole or of the walls of the hole 
itself, is a somewhat uncertain quantity, since the confined situa- 
tion of the metals restricts their plastic flow. The exact manner in 
which the " bearing pressure " acts upon the surface of the rivet or 
of the hole is unknown. It is assumed, with some warrant, to be 
equivalent to a total pressure uniformly distributed over the pro- 
jected semi-intrados, or d x /. Owing to the uncertainty in this 
matter, some designers assume, from experience, a ratio d\t and 
find p by equating R t and R tf thus : 



R t = R $ = (/ - d)t- S t = 0.7854 d 2 - S g 



«> 



5=1 + 7854^3?. (9i) 

In this equation, t is known from prior considerations ; d/t is as- 
sumed, giving the value of d; S t /S t is ascertained from tests of the 
metals. The value of/ can be found, therefore, by substitution. 
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Example: Steel plate and rivets; /=f in.; S, = 65,000; 5 
= o.8S f = 52,000 ; S e = 70,000. 
From (90) : 

r 70 0.375 ^ 21 . ^ ^ 

d=— x — ^- = 0.643, say — in. = 0.656. 
52 0.7854 * ' 7 32 3 

From (89) : 

70 
/ = ^r x 0.656 + 0.656= 1.363, say if in. 

Substituting the values of d and / in the equations for efficiencies : 

E t = 52.27 per cent. ; 
E g = 52.44 per cent. ; 
E e = 5 1.39 per cent. 

Efficiency of Joint = 51*39 per cent, the least of the three effici- 
encies, as above. 

3. Lap Joint, Double Riveted, Ko Rivets Omitted. — Fig. 
63, 6, c. In this joint, n =2. We have : 

R t =(p-d)tS t ; 
R t = (. 7 8 S 4<t 2 -S t )n; 
R=(dtS e )n; 
R=pt-S t . 

For equal strength throughout : 

.:(p-d)tS, = ndtS c \ (92) 

n x o. 78 54^ 2 S, - n ■ dtS e . (93) 

From (92) : 

p = -g-nd+d. (94) 

Equation (93) gives equation (90) as before. 

E t = J x 100 = (^y^) 100. (95) 

_ X /S. 0.7854^ , , N 

^ = _. XIOO= ^_.._Z^J IOO) (9 6) 

= ^XIOO = »f-j e . - J IOO. (97) 
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Example. — Double-riveted seam, chain or staggered ; steel 
plate and rivets ; / = ^ in.; S v S $ , S e are, respectively, 65,000, 
52,000, 70,000. 

From (90): 



From (94): 



T 70 0.4375 



70 
/ = g-X2x 0.75 + 0.75 = 2.366, say 2| in. 

Substituting in (95), (96), (97): 

E t = 68.42 per cent; 
E 9 = 68.01 per cent; 
E e = 68.02 per cent. 

Efficiency of Joints 68. of per cent, a gain of 68.01 — 51.39 
= 16.62 per cent over the single-riveted seam. 

It will be observed that equations (90), (94), (95), (96), (97) 
are general. 

The double-riveted seam, with alternate rivets omitted in the 
outer row, is not used with lap-joints. 

4. Lap Joint, Treble Riveted, no Rivets Omitted, chain 
or staggered, as in Fig. 63 d, e. In this joint, n = 3. 

Example. — Steel plate and rivets ; t= % in.; S t , S s , S e are, re- 
spectively, 65,000, 52,000, 70,000. 
From (90) : 

From (94) : 

70 13 13 

/ = 6j X3 X ^ + jg = 3.432, say 3^ in. 

From (95), (96), (97) : 

E t = 76.36 per cent; 
E t = 72.22 per cent; 
E e =76.25 per cent 

Efficiency cf Joint = J2.22 per cent, a gain of 72.22 — 68.01 = 
421 per cent over the double-riveted seam. Compare with 
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5. Lap Joint, Treble Riveted, Alternate Rivets Omitted 
in Outer Rows. — In this case, the grouping of the rivets is that 
shown, on each side of the seam, in Fig. 64, h or k. In this joint, 
;/ = 4. 

Example. — Data, the same as in the previous case. Since (90) 
does not include n, we have, as before, d = \\ in. From (94) : 

/ - tj- X 4 x y^ + ^ = 4.31, say 4^ m. 

From (95), (96), (97) : 

E t = 81.16 per cent; 
E 8 = 76.74 per cent; 
E c = 81.42 per cent. 

With regard to this form of riveting, a further efficiency must 
be considered. Since there are twice as many rivets on the central 
as on either outer row, the net plate-section on the central row is 
less and the plate might tear along that line. Before total yield- 
ing can occur in this manner, however, one rivet in the outer row 
must be sheared for each pitch -section. Hence, with regard to 
rupture in this manner, the total resistance, R m , of the joint is equal 
to that in tension of the net section along the middle row, pl us 
that in shearing of one rivet in the outer row. We have for these 
conditions : 

R t (central row) = (/ — 2d)t S t ; 

R t (one rivet, outer row) = 0.7854*/* • S 9 ; 

R m = R t + R t = (p- 2d)t- S t + 0.7854^ * S, (98) 

Similarly to (95), etc., the efficiency under these conditions is : 

Substituting in (99) : 

i? m = 81.5 per cent. 

Comparing this with the efficiencies deduced previously, W' 
ciency of Joint = 76.74 per cent., a gain of 76.74 — 72.22 = 4-5 2 
per cent., by omitting alternate rivets in the outer rows. 
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The elements of the two joints are with : 

t d 71 p {middle) p {outer) 
No rivets omitted i if 3 3iV 3i 7 6 

Alt. rivets omitted \ fg 4 2^ 4^ 

The plate-thickness and rivet-diameter are the same in both 
cases. In the modified joint, one rivet has been added and the 
pitch of the outer rows made greater and that of the central row 
less. The addition of the rivet increases the strength in shearing 
and bearing, since the outer pitch has not been increased propor- 
tionately. The extended outer pitch augments the net plate-sec- 
tion and, hence, the tensile strength. The reduced pitch and ten- 
site strength of the central row are more than balanced by the 
added resistance of one rivet in shearing before rupture can occur 
° n g that row. Hence, the modified joint is, in every respect, the 
stronger. Its only disadvantage lies in the lessened tightness, due 
*° Avider pitch, on the outer rows, to offset which there is a re- 
fooed pitch in the centre. 

G. Butt- Joint, Single Strap, Fig. 65. — This joint is, in effect, 
C(> *Xiposed of two abutting lap-joints, one between the strap and 
^^li plate. Hence, with regard to the plates, the methods of de- 
^^xi used for lap-joints, apply. This is true also of the strap, since 
"*^ increased thickness given it is intended solely to resist bending 
^^^ss, which stress analysis does not consider. Under these con- 
^^ions, there is, theoretically, no gain in efficiency over the lap- 
J^int, except that the bearing and tensile stresses in the strap are 
^^s. The increased strength against bending action is more than 
^^^set by the additional cost of the strap and of calking one more 
s ^am. This joint, therefore, is seldom used. 

7. Butt-Joints, Double Straps of Equal Width, Fig. 64. — 

-^liis joint is the strongest form for any purpose. The straps, one 

*^Ti each side of the plates, reduce the bending action to a minimum 

^•tid the rivets are in double shear. The single-riveted type, Fig. 

^4 a, is seldom used for boiler work, since, with but one row of 

civets, the latter must be, for strength, of relatively large diameter 

^.nd therefore so widely spaced as to interfere with tightness. The 

efficiency of such a joint is only about 65 per cent., or less than 

that of the doubfe-riveted lap form, with usual proportions in both 

cases. 
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The butt-joint with double straps consists essentially of two 
double shear joints with regard to the plates and of four single 
shear lap-joints with regard to the straps. Each strap is assumed 
to bear one half of the total load upon the plates and is, as stated 
previously, made f the thickness of the plate, as a minimum, when 
no rivets are omitted, in order to provide for bending stress. The 
relations between the loads and strengths of the plate and either 
strap are ; 





Plate. 


Strap. 


Load, 


I 


l 


Strength, tensile, 


I 


f 


" shearing, 


i-75 


I 


" bearing, 


i 


f 



With one half the load of the plate, the strap has five eighths 
the strength of the latter in tension and bearing and its shearing 
strength exceeds its load in the proportion of i to 0.875. Hence, 
if the joint be designed properly for the plates, its strength will be 
ample for the straps. 

The general formulae deduced previously for lap-joints were 
founded solely upon the size and grouping of the rivets with re- 
gard to the seam. Precisely the same conditions hold in butt- 
joints, double-strapped, with the additional consideration that the 
factor, c= 1.75, is introduced, since, with regard to the plates, 
the rivets are in double shear. Therefore, for the plates of such 
joints, we have : 

R t = (p-d)tS t ; 
R e = (dtS c )n; 

R, = (o.78S4<t i S,x i-75)»; 
R =pt-S t . 

.:(p-d)t-S t = ndtS c ; 
1 .374«^/* • .S, = ndt- S a ; 



whence : 



p^-^nd+d; (94) 

d=-^- : (100) 

S. 1-374' V ' 
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£, = Jx ioo=(^^)ioo; (95) 

E ^^ x IOO= n ^ • ^f-j 100. (101) 

-E.-^x 100= *^ -^jioo. (97) 

Where alternate rivets are omitted in the outer row, the plate may 
tear along the central row ; but, before yielding occurs, one rivet, 
in double shear, must be sheared in the outer row. We have for 
these conditions : 

^(central row) = (/ — 2d)t- S t ; 

7?, (one rivet, outer row) = i.$74d 2 .S 8 \ 

K m -R, + R § -(p-2d)t.S t + 1.374* S 8 ; 
A.- 7 fxioo-[^ r - + J ;.-i^-Jioa (102) 

From the equations given above — if the thickness of the plate 
and physical characteristics of the metal be known — the diameter 
and pitch of the rivets and the various efficiencies of any required 
butt-joint with double straps, may be obtained. When alternate 
rivets in the outer row are omitted, the butt-strap must be thicker 
than when no rivets are omitted, in the ratio (p — d) -=- (/ — 2d), 
as will be shown later in the deduction of Traill's formulae. 

The efficiencies of butt-joints, double-strapped, with steel rivets 
and plates, as computed by Traill * for cylindrical boilers, with vari- 
ous thicknesses of plates and diameters and pitches of rivets, are : 

Single-riveted, 59-35 to 65.00 per cent. 

Double " 73.39 " 78.00 " " 

" " eac * 1 a * ternate " vet in \ +Q 68 " 82 12 " " 

outer row omitted J ' "' '* 

Treble " 79.68 " 82.32 " " 

" " each alternate rivet in 1 o, aj ,, fij ^ „ „ 

both outer rows omitted } 8 3' 2 4 8 4-66 

" " each alternate rivet in \o. QC << « 

the outer row omitted J 4-95 

Quadruple " 83.24 " 84.66 " " 

* «« Boilers: Marine and Land," 1896, pp. 306-318. 



164 



MACHINE DESIGN. 



Example. — U. S. Cruiser Raleigh; diameter of cylindrical boilers, 
14 ft, 6 ins.; steam-pressure, 160 lbs., gauge; longitudinal seam, 
butt-joint, double-strapped, treble riveted, alternate rivets in outer 
rows omitted (Fig. 64 k) ; S t = 65,000 ; S e = 70,000 ; S t = 44,000 ; 
factor of safety = 4.5. From the considerations as to the shell 
(§ 44), the plate-thickness, /= 1^ in. In this joint, n = 4. 

From (100) : 

70 1. 187 

a = — . = 1.375 = 1 tins. 

44 1.374 0/D s 

From (94) : 

/-X$X4xV- + ¥- 7-298 = say, 7 T \ in. 

The corresponding particulars of this joint, as built, were : 

/= i|f in. ; d= ifi in. ; p = 7J in., 

an allowance of ^ in. for corrosion having been made on the 
calculated thickness, /. 

8. Butt-Joint, Double Straps of Unequal Widths, Fig. 61. 
This joint, as designed for locomotive boilers, is shown in Fig. 76. 




The rivets are I in. in diameter and of wrought iron. The plates 
and straps are of steel. The thickness of plates and of outer strap is 
I in. ; of inner strap, ^ in. Take S t = 60,000 and S 9 = 48,000. 
Disregard resistance to crushing. In this joint, n = 3. Failure 
may occur by : 

(a) Rupture of plate along outer row of rivets. (6) Shearing 
one rivet, outer row (single shear) and two rivets, inner row 
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louble shear), (c) Rupture of plate along inner row and shear- 
ig one rivet, outer row (single shear). 
For these conditions : 

R t = {p-d)t-S t ; 
;?,= 0.7854^(1 + 2x i.75)S.; 
R m = (p - 2d)l-S t + 0.7854^- S, ; 
R=p t-S t . 

Equating R t and R m : d = 0.99 5, say 1 in. 
Equating R t and R a : p = 5.52, say 5^ in. 
The efficiencies are : 

E % = -~ x 100 = 81.82 per cent. ; 
E 9 =s -^ x 100 = 82.25 per cent. ; 

£ m = -j~ X 100 = 81.92 per cent. 

With regard to crushing, failure may occur by : 
(rf) Rupture of plate along inner row and crushing one rivet in 
outer row and inner strap ; (e) crushing two rivets in inner row 
in plate or outer strap and one rivet in outer row and inner strap. 
The total resistances of the joint are : 
For conditions (d) : 

{p-2d)t-S t + {i xj g )S, 
For conditions (e) : 

2(1 x f)5 e + (1 x &)S C . 

Investigation of these resistances shows that S e must have a 
value of about 100,000 lbs. per sq. in. in order to make the effi- 
ciency of the joint about equal to those already deduced. The 
moderate value (70,000) used previously with steel rivets will not 
serve, therefore, in this case. Since the destructive limit of metal 
wholly free to flow, differs from that of the same metal when 
plastic flow is restricted, as in a riveted joint, considerable varia- 
tions in the value of S € may be expected. Professor Kennedy 
recommends 96,000 lbs. per sq. in., and Mr. Stoney 50 tons per 
sq. in., for the plates in butt-joints, double-strapped. 
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Failure of the lap-seams of the straps of this joint may occur 
(disregarding crushing stress), as follows : 
Inner Strap : 

(f) By shearing 3 rivets in single shear ; 

(g) By shearing I rivet in single shear and tearing the plate 
along the inner row of rivets. 

Outer Strap : 

(k) By shearing 2 rivets in single shear ; 

(k) By tearing the plate along the inner row of rivets. 

From (/) and (h) it is clear that, in shearing, the seam of the 
inner strap is necessarily the stronger in this form of joint. With 
straps of equal thickness, this seam is also the stronger with re- 
gard to (g) and (k). Hence, for equality in resistance to these two 
methods of failure, the thickness of the inner strap may be made 
less than that of the outer, as in Fig. 76. 

The purpose, in extending the inner strap so that another row 
of rivets in double pitch may be added, is that the net plate-section 
— which is then taken along the added row — may be increased, 
thus giving greater tensile efficiency. The latter, with this type, is 
relatively high. Thus, the joint shown in Fig. 76 is, as compared 
with butt-joints having straps of equal width, stronger than the 
double-riveted and but little weaker than the treble-riveted forms, 
no rivets being omitted in either of the latter cases. 

9. Single-strapped Lap Joint, Fig. 66. — The analysis of this 
joint is given briefly in Reuleaux's Constructor.* The joint con- 
sists of an ordinary single-riveted lap-seam with an inside strap 
riveted to the shell plates at, and on each side of, the seam. The 
pitch of the outer rows is twice that of the central line of rivets. 
The central rivets pass through the strap. 

Against stress normal to the seam, three rivets act — two in the 
lap-joint and one passing through the strap. The assumption is that 
the total load, P t upon the pitch-section is divided equally among 
the three rivets and that, hence, the strap withstands one third of 
that load and the joint the remaining two thirds. Therefore, if 
the strap and plates be of equal thickness and S t be the ultimate 
unit tensile stress in the plate beyond the joint, the corresponding 
stress in the unperforated plate, within the joint and between the 
rivet-rows, will be \S t and, in the strap, \S t . Again, although 
the rivets at the lap-seam pass through the strap, the latter is, at 

*Suplee's translation, 1895, p. 43. 



RIVETED JOINTS. 167 

that seam, pulled in opposite directions by equal forces and hence 
transmits no stress to the central row of rivets. 

Assuming equal thicknesses and tensile strengths throughout, 
the ultimate unit resistance of the plate, within and without the 
joint, and of the strap would be equal under similar conditions ; 
but, in this type of joint, the conditions are such that the pitch- 
section beyond the joint bears the total load, P f the unperforated 
plate within the joint bears |-P, and the strap ^P. Hence, with 
equal thickness, the plate within the joint and the strap — as com- 
pared with the plate beyond the joint — are equivalent, respec- 
tively, to metal, 1 -5- £ = J and 1-5-^ = 3 times as strong. We 
have, then, for the ultimate tensile resistances and efficiencies : 

R (plate beyond joint) = pt-S t ; 

R t (plate within joint) = f (p — 2d)tS t ; 

R t (strap) = 3 (p - 2d)tS t . 

^>late) = ^^.ioo = f-(^^ioo; 

^(strart^^^.zoo^s^^ioo. 

The efficiency of the strap-metal will depend upon its resistance 
on the central row, along which line it will tend to part. 

In shearing stress, in order that the right hand plate may with- 
draw from the joint, it must shear one strap and two lap rivets, 
all in single shear. For the strap the conditions are the same. 
Hence, taking S 9 = o.8S t : 

R=3~S,; 

^=^IOO=|.— IOO. 

Comparing the efficiencies with those of an ordinary double-riveted 
lap-joint, as in (95), (96) : 

Single-strapped lap-joint: | — - — • 100; f • — • 100 ; 

p pt 

Double-riveted lap-joint : ^—- — • 100; f • 100. 

/ Pt 
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3« 



IO. Gfcor;p Rivrnso, as shown in the lapjoint. Fig. 67, is an 
arrangement of the rivets in an arithmetical series, winch grouping 
— on the assumption of an equal division of the load among die 
rivets — gives a gradually reducing tensile stress in the plate from 
one aide to the other of the group. The substance of the follow- J** 
ing analysts is taken from Reuleaux's Constructor* 

Referring to Fig. 67, let P 'be the total load on the pitch-section, 
/ ; tn, the number of rivets in the central row ; and a, the pitch of 
that row. Then / ■» m x a. From the properties of an arith- 
metical aeries, the total number of rivets in the group = nf. In 
Fig. 67, m - 4. 

(a) Shearing and Greatest Tensile Stresses. — To find the ratio 
between pitch, /, diameter, d, and thickness, /, which shall give 
equality between the tensile strength of the net plate-section in the 
first, or outer, row and the shearing strength of the joint, let S t be 
the unit tensile stress in the plate beyond the joint and Sf that in 
the outer row. Then : 

R t (outer row) = {ma — d)t- S t T ; 

TZd 1 

i? # (joint) = ^- — .S, 

Equating and taking S $ *= 0.8S/: 

itfnd 1 mm ^(ma — d)t 



a n fd\ 2 , 1 d 

r"" 5 W + «7 

a r (d\ 1 



(50, Q 



From which, / ■■ ma may be found. 

(<*) TtHsilt Stress in any AW. — To find the stress on the net 
plate-seetion in any given row, there must be deducted — on the 
assumption of an equal division of the load among the rivets — 
the fraction of the total load, P % which is borne by preceding rivets. 
Thus, in Fig, 67, the net plate-section of Row I. carries the full 

P 

load, P: that ot Row IL, P minus the load, — * on the single rivet 



* SupU?* 1 * tttuwUtton, l&>5» 1x41. 
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of Row I. ; that of Row III., P minus loads on Rows I. and II., 



i 



or i?' etc - 

The fractions of the total loads borne by the net plate-sections 
of the various rows will then be : 

tH>-6 



nt 



1,^P,U., 



n? — 1 



P\ HI., 



*r— 3 
m 2 



P\ iv.,- 



n? 



-.P, etc. 



Let the unit stresses in the net plate-sections, beginning with 
the outer, be Sf, S t n , S t m , S t Iv f etc. Then, equating the loads 
and resistances : 

P=(ma-d)tS t J ; 



Row I. 
Row II. 

Row III. 

Row IV. 



rrir — 1 

m 1 — 3 
m 

»?-6 



P=(ma- 2d)tS t n \ 



m 



;2 — • P = (ma — 4d)t- S t IV ; etc. 



(Si,Q 



Now, let a bear such a proportion to d that Sf = Sf 1 . To find 
the value of this ratio in terms of m, equate the values of P from 
the first and second equations, as above : 

(ma — d)t = (ma — 2d)t—^ 



a 
d'' 



m 2 + 1 
m 



(52, Q 



which equation holds only for the condition that S/ = Sf 1 . 

Equating the value of P for each succeeding row with that for the 

a 
first row and substituting the value of -, : 



S™ nt-s Sf v n? - 6 5/ nt - 10 
nt - 2 ' Sf ~ nt - 3 ' Sf ~ m 2 -4' etC 



S t m 



With nt = 4, these ratios are, respectively, Af , \%, and -f^, 
showing that, from the second row inward, there is a gradually 
decreasing stress in the plate. 
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In order to compare the results for any given ratio between 
diameter and thickness with varying values of m, assume in (50, C) 
any convenient value for this ratio, as ; 

d 5 

7 = -= 1.5916 = say 1.6 (53, C) 

Also, since S t is the unit tensile stress in the unperforated plate and 
S t T the greatest unit tensile stress in any net plate-section of the 
joint: 

^ ,. . x SJ ma — d id nf 

* v 7 S t ma ma nr + 1 ^ D *' ' 

Again, for the unit bearing stress, S» we have : 

P=m*(dtxS b ); 

S >=£dt' (55>Q 

Substituting various values of m in equations (50, 52, 53, 54, C) : 



«* = 


I - 


3- 


4- 


5. 


at = 
E< = 


16 

4.00 1 
O.80 


1.6 

3-33 j 
5.32 j 
0.90 


1.6 

6.80 
0.94 


1.6 
5.20 
8.32 
0.96 



These efficiencies are based upon the assumptions that the load is 
divided equally among the rivets ; that a bears such a proportion 
to d that S/ = S t n ; that S, = 0.8S/ ; and that dj /= 1.6. 

In butt-joints, with single or double straps, there will be two 
groups, one on each side of the seam. Such a joint has, practically, 
a further advantage in the increased thickness of the strap. 

43. General Formulae for Boiler-Joints. 

The formulae deduced in this section are given in Boilers : Marine 
and Land, by Thomas \Y. Traill, F.E.R.X., in Foley's Mechanical 
Engineers* Reference Book* and in Seaton's Manual cf Marine 
Engineering (1890V In the work referred to, Traill gives a com- 
plete series of tables calculated from these formulae, from which the 
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proportions of a joint for any given boiler-diameter and steam- 
pressure can be selected at once without preliminary computation. 
These tables are of much value and have met extensive use by 
designers in the United States and Great Britain. No deduction 
of the formulae is given in the works noted above. That which 
follows is, in substance, that prepared by Lieutenant Commander 
F. J. Schell,* U. S. Navy, for the use of midshipmen at the U. S. 
Naval Academy. 

The notation used by Traill is : 

p = pitch (greatest) of rivets in inches ; 

d = diameter of rivets in inches ; 

c = a shearing constant whose value is 1 for lap or single 
butt-strap, and 1.7*5 f° r double butt-strap joints ; 

A = area in sq. ins. of cross-section of one rivet ; 

n = number of rivets in section of length, p ; 

<fc = percentage of plate left between rivets in greatest pitch ; 

<fo x = percentage of rivet-section as compared with solid 
plate ; 

^b 2 = percentage of combined plate and rivet-section when alter- 
nate rivets are omitted in outer row ; 

p d = diagonal pitch ; 

E = distance from centre of nearest row of rivets to edge of 
plate ; 

V= transverse distance between rows of rivets in ordinary zig- 
zag (staggered) riveting and in chain riveting with al- 
ternate rivets omitted in outer row ; 

V x = distance between outer and next row of rivets in zigzag 
riveting with alternate rivets omitted in outer row ; 

T= thickness of plate in inches ; 

T x ss thickness of single butt-strap in inches ; 

T 2 =3 thickness of double butt-strap in inches ; 

1. Assumptions. — (a) That the mean tensile strength of steel 
plate is 28 tons per square inch of net section ; (b) that the mean 
shearing strength of steel rivets is 23 tons per square inch of cross- 
section ; (c) that a rivet in double shear offers 1.75 times the re- 
sistance to shearing opposed by a rivet in single shear ; (d) the 
bearing stress is not considered. 

*Jour. Am, Soc. Naval Engineers > IV., 403. 
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2. Percentage Strength of Joint. — The net plate-section 
along the greatest pitch is (/ — d)T\ the sectional area of the 
same length of solid plate is / x T. Hence : 

(p-d)T p-d , x 

<fo= ioo-^—^-= ioo— — • (103) 

The resistance to shearing offered by the rivets in one pitch 
section is 23 x A x n x c ; the tensile strength of the solid plate 
of length p is 28 x / X T. Hence : 

. 23^ -nc 

^ =IO °' 28p. T ' ( I04 ) 

Consider now the case in which alternate rivets are omitted in 
the outer row, as in Fig. 73. In the next row, the net plate- 
section will be (/— 2d)T and 100 (p — 2d)/p will be the per- 
centage strength of this row as compared with the solid plate. 
Suppose, however, that the plate tears along this row, as at K. 
Then, before total failure of the joint occurs, one rivet, for each 
pitch-section, must be sheared in the outer row. The percentage 
strength of this single rivet is, from (104), ( jo x -5- n. Hence : 

p— 2d 9b. ' , . 

K=*°°^j— + ?• 0°5) 

The lowest of the values obtained from (103), (104), (105) is 
the percentage strength of the joint. An examination of these 
equations shows that, for double-strapped butt-joints, so long as 
d is not less than T, fi 2 is always greater than ft or c jo v This is 
also the case with lap-joints, so long as d is not less than 



|| x .7854 .64SIS 

Since both of these conditions hold usually, the use of formula" 

(105) will seldom be necessary. 

3. Diameter and Pitch. — The usual cases are: 

(a) To find d so that <fo = < jfo l (t. e. y equal tensile and shearings 

strengths of joint), when p, c, n y and T are given, equate (io^ 

and (104): 

p — d 2%A-n-c . . n 

I00 .^_ = IO o.^g Fr - (ioCS) 
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Substituting A = 3i*/ 2 /4 anc * simplifying : 

n c nc 



v \ -77ST ( .77ST\ T?\ -77$T 

(£) To find p, when </, c, n, and 7^ are given, we have from 
(106) : 

/--V7-- + * (108) 

(^) To find d and /, when «, c, T, and ^ = < fo l are known, we 

have, from (103): 

100 X 

/ = * •«• (109) 

^ 100 — <jo \ */ 

Ttd 2 22 d 2 
Substituting this value of/ and A = — = — • — in (104) : 

4 7 4 

IOO X23X22X^ 2 '»'r _ _ 

Too*/ ~""* I ""* ; 



28 x 7 x 4 x 



IOO — 



</ . r Lls^iIL. (lIo) 

(IOO— ^)«-^ v ' 

Substituting this value of d in (109) : 

^ (IOO — <fc) 2 « •£" v J 

As a rule, it will be found simpler to substitute the numerical 
value of d> as found from (no), in (109), thus obtaining a value 
for/ directly, without using equation (1 1 1). 

4. Diagonal Pitch and Width of Butt-Straps. — The resist- 
ing value of the net plate-section along the diagonal pitch, p d , with 
regard to tensile stress normal to the joint, is usually — owing to 
the shearing component (§ 26) along the diagonal pitch — about $ 
of that of the same section, if located parallel to the joint, as in the 
pitch, p. Hence, the diagonal net section should be \ longer than 
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that part of the longitudinal section to which it should be equiva- 
lent in transverse tensile strength. In any event, the diagonal 
pitch should not be less than that found by the following formulae : 
(a) Ordinary Zigzag Riveting and Cliain Riveting with Alternate 
Rivets Omitted in the Outer Row, Fig. 64 c, d. Reference to Fig. 1^ 
64 c, shows that the same reasoning applies to both cases, since, 
in each, the net section of two diagonal pitches must be made equiv- 
alent in strength to the net section contained in the greatest longi- 
tudinal pitch, p. The liability of the plate to tear along A-B and 
B-D should be the same as along A-D or B-F. The net section 
along A-B-D is 2{p d — d)T*xid that along A-D or B-Fis(j>— d)T. 
Hence : 

2(p d -d)T=§(p-d)T; 



6p + Atd 



10 



From the right-angled triangle, A-B-C, we have, for the distance 
between the rows of rivets : 



-^-(^Hm'-f 



V= V {IV + 4d){P + 4<t) . , i3) 

The authors mentioned previously state that, for chain riveting the 
distance, V, should not be less than 

4^+ 1 



and, as this result is greater than that obtained from (113), it is 
the one which, usually, is found tabulated. 

The distance, E, from the centre of the nearest rivet-row, to the 
edge of plate, should not be less than 1.5 d. Hence, the minimum 
lap of plates in a lap joint or the half-width of butt-strap is : 

2E+ V. (114) 

(6) Zigzag Riveting with Alternate Rivets Omitted in Outer Rffl»- 
Fi g- 73- The J oint ma y fa* 1 by rupture of plate along A-B-C-D 



a 1 



A=- £ -r^— • (112) it 
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or along A-D. For equality of strength, the resistances of the 
two net sections to tensile stress transverse to the seam, must be 
equal. The net section on B-C is (//2 — d)T; that on A-D is 
(p — d)T\ that on A-B or C-D is (f> d — d)T. The section, to 
which the metal left along A-B and C-D must be equivalent, is : 

(p-d)T-(£-d)T = \.T 

P 4 = o.3P + d. (us) 

In the right-angled triangle, A-F-E, the base, F-E = p/4. For 
the distance, V v between the rows of rivets, we have : 



>R$M*^T-('J 



I' 



y _ V(llp+20d){p+20d) 
1 20 ^ ' 

As before, the lap or half-breadth of butt-strap is, with two 
rows of rivets : 

2E+ V v (117) 

Since the riveting in all ordinary cases is of the form shown in 
Fig. 64, c, d, or Fig. 73, or a combination of those forms, formulae 
(112), (113), (1 14), (115), (1 16) have a general application. For 
example, consider a double-strapped butt-joint, treble-riveted, zig- 
zag, with alternate rivets omitted in the outer row. The distance, 
V v between the outer and second row is obtained from (116) ; the 
distance, V> between the second and third rows is obtained from 
(113) ; and the half-breadth of butt-strap is : 

2 E+ V x + V. (118) 

5. Thickness of Butt-Straps. — To ensure strength and tight- 
n ess, the aggregate thickness of the butt-straps should be more 
than that of the plate, since thin straps will bend and the joint 
^11 work and leak. For single butt-straps, T x = f T t and, for 
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double straps, T 2 = f T 9 are taken arbitrarily as the minimum 
values allowed, when no rivets are omitted. 

When alternate rivets in the outer row are omitted, the empiri- 
cal minimum thicknesses, as above, should be increased. Thus, 
with regard to joints shown in Figs. 64 b, d, let : 

T 2 = thickness of each butt-strap, no rivets omitted ; 
T 2 = thickness of each butt-strap, alternate rivets omitted 
With no rivets omitted, the plate can tear from the strap or 
strap from plate in but one way, /. e., along the net section of 
length, p — d. Hence, the ratio of strap-strength to plate- 
strength is : 

2TJJ-J) 2T t 
T(p-d) ~ f 

With alternate rivets omitted, the strap may tear from the plate 
along the inner and weaker half-pitch line but the plate cannot be 
ruptured along that line without also shearing one rivet in the 
outer row for each pitch-section. Hence, with the previous thicK- 
ness, T v the strap would be weaker than the plate. The ratio ol 
strap-strength to plate-strength, with thickness, T t ', is : 

2T M-2J) 

T(p-d) 

Equating the ratios and taking T 2 = %T: 

27; 2T> p-2d _ , T P-d t9 ) 

T ~ T p-d'- 1 * ~* p-2d K 

f st 
Hence, when alternate rivets are omitted, the butt-straps rx* 1 - 1 

be thicker than when no rivets are omitted, in the ratio, 

p—2d 
Under the same conditions, the thickness of a single butt-strap |5 

1 » p — 2d v 

6. Joints Between Plates Unequal in Thickness. — In gen- 
eral, it is customary to proportion the joint as for two plates of 
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the smaller thickness. If the disparity be great, the proportions 
may be a mean proportional between those for the thick and those 
for the thin plate. 

44. The Thickness of Shell Sheets. 

The thickness of the shell plates of a cylindrical boiler depends 
upon the diameter, steam-pressure, tensile strength of plate, factor 
of safety, percentage strength of longitudinal joint, and allowance 
for corrosion. The shell is treated as a* "thin cylinder" and its 
thickness is governed by the principles given in formulae (1) to 
(4), §1. Let: 

/= thickness of plate, ins.; 
r = internal radius of shell, ins.; 
P = steam pressure, gauge, lbs. per sq. in.; 
S t = ultimate unit tensile strength of plate, lbs. per sq. in.; 
/ = factor of safety ; 

fy = percentage strength of longitudinal joint ; 
<fc/ioo = strength of longitudinal joint as compared with solid 
plate. 

If the shell were seamless and a factor of safety were not used, 
we would have by (4) : 

Pr 
Px r=t x S t and / = -~- • 

The shell, however, is as strong only as its weakest part — the 
longitudinal joint. The strength of that joint is Jfc/ioo times /. 
Hence, the thickness must be increased in inverse ratio over that 
Squired for a seamless shell and for / there must be substituted 
' X ioo/'^b. Again, the working strength of the plate is equal to 
*ts ultimate strength, divided by the factor of safety. Therefore 
^ must be replaced by S ( -h/. Making these substitutions ; 

/ x 100 / 

= Px r x 



Prf 



t = 



— -S 4 

100 



(121) 
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If the joint be designed, as is usual, so that it will yield along the 

net plate-section of greatest pitch, we have, by (95), -?— = - — 
and the equation becomes : 

4 Prf Prfp 



P~d o (P-d)S t < (122) 

For any given conditions, the value of ^ is known in close ap- 
proximation or can be taken from Traill's tables. This value, sub- 
stituted in (121), gives / at once. 

The thickness may also be computed from (122) by substituting 
the value of/ and d. Thus, assuming that the longitudinal seam 
is a butt-joint with double straps of equal width, we have from 
§4*: 

p = ^nd+J; (94) 

Substituting the values of/ and / — din (122) : 

in which * will be known from the type of joint and 5 e and S t by 
the tests of the plate. To provide for corrosion. T ^ inch is usually 
added to the value of A as calculated, for the thick sheets of mari ne 
boilers. 

45. The Stresses in Riveted Joints, 

The riveted joint is not homogeneous and rigid, but is a buflt^ u P 
ami under stress* a cvxnparatively yielding structure. The riv^* 5 ' 
through which the load is transmitted, are not at first in coni^* 
with the walls of the rivet-holes* and the metal of both rivets a** d 
plates is not only elastic but will become, under excessi v e sti^ 55 * 
plastic. " Lost motion." elasticity, and plasticity cause, with ***" 
creasing pressure upon the joint, a continuous change in the \o^* 
form, and relative* position of each element of the structure. 
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Thus, in the lap-joint, Fig. 77, when first riveted, the plates are 
pressed together by the axial contraction of the rivet in cooling, 
while the radial shrinkage of the latter leaves a slight annular space 
between its shank and the walls of the hole. The tension on the 
plates forms a couple whose arm is approximately /. When such 
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1Z=*P 



\Z7 

Fig. 77. 




Fig. 78. 



a joint is loaded, the couple tends to bring the plates into the same 
Plane, thus bending the lap and inclining the rivet, as shown in 
Fig. 78. This action is opposed by the resistance of the plates to 
bending and by their friction at the contact-surfaces. When this 
friction is overcome, the plates slip on each other, the rivet bears 
a * diagonal corners of the hole, and crushing pressure upon the 
w alls of the latter, and shearing and bearing actions on the rivet 
^e added to the tensile and bending stresses already existing in 
the plates and rivets. With an increasing load, these conditions 
S r ow in intensity but are modified in their local effect by the elas- 
^city of the metal. Finally, in more or less of the elements of the 
J°int, the plastic stage is reached and the rearrangement of stresses 
^comes more marked. At any time during these stages, failure 
^ay occur, if any element be strained beyond its ultimate strength. 
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Fig. 79. 
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Fig. 80. 
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Similarly, in the double-strapped butt-joint, Fig. 79, there is at 
**"st no bearing of the rivet-shank upon plate or straps. The gradu- 
^ly applied load expends its force first in overcoming the frictional 
resistances between the plates and straps and between the latter and 
***^ rivet-heads. When slip at these surfaces occurs, the condi- 
t *°ns are as in Fig. 80. The rivet is bent, it bears at one side on 
***« plates and at the other upon the straps, and it is subjected to 
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double shear, while a bending moment, similar to that in a lap- 
joint, acts upon the straps. All stresses now prevail ; and, with 
increasing load, the elasticity and ultimate plasticity of the metal 
will cause, until destruction, a continuous change in the stress upon 
any given element of the joint. ~ r ^^^ 

i. Tensile Stress in Rivets. — This stress is due to the con- 
traction in cooling. Its magnitude — if the plates be tightly 
clamped during riveting — depends upon the coefficient of linear 
expansion, the modulus of elasticity, and the temperature at which 
riveting is completed. Let : 

A = sectional area of rivet-shank ; 
/ = length of rivet-shank ; 
E = modulus of elasticity ; 
r = difference between temperature of cold rivet-blank and that 

at which riveting is completed ; 
X = increase, total, in length for change of r° ; 
s = increase, per unit of length, for change of r° ; 
S t = unit tensile stress produced by contraction ; 
a = coefficient of linear expansion for a change of I ° F. 
Then : 

' / ' s ' 

S t = Es = arE* (124) 

The total tensile load on the shank = A x S t . Equation (124) 
shows that this load is independent of the length of the shank. 
The deduction holds only while S t lies within the elastic limit of 
the metal. 

For steel in general, a = .0000065 and E=* 30,000,000 ; and, 
for soft rivet steel, S t at the elastic limit = 30,000 lbs. per sq. i n - 
These values, substituted in (124), give r = 154 . In practice, 
however, the range of temperature greatly exceeds this. Hence, 
it follows that, with good workmanship, the cooling and attempted 
contraction strain the shank considerably beyond the elastic limit. 

The actual tension in the shank is uncertain, since permanent set 
is produced and the elasticity of the metal is impaired. M fi 
Stoney, in experiments quoted previously (§36), gives the contrac- 
tile strength of iron rivets with hand-made points as 12.32 tons 
per sq. in. of rivet- section, at which stress the points or heads 

*Merriman: " Mechanics of Materials," 1 899, p. 145. 
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flew off. He gives also, from his experiments, 0.6 as the coef- 
ficient of friction of ordinary steel plates. For the latter, with 
rivets as above, the frictional resistance to slip would then be 
12.32 x 0.6 = 7.39 tons = 16,553 lbs. per sq. in. of rivet-section. 
Professor Bach's experiments * show, for good single lap-riveting, 
similar values ranging from 14,000 to 25,000 lbs. per sq. in. 

2. Bending Stress on Rivets, Figs. 77 to 80, inclusive. In 
lap-riveting, this stress is a maximum as soon as the plates engage 
the rivet, which position is approximately that shown in Fig. 77. 
The rivet, in the lap-joint, acts as a cantilever, the distance be- 
tween load and reaction being t ; in the double-strapped butt-joint 
this distance is (/ + 3 n 2 )/2 and the rivet is a simple beam, loaded in 
the middle. The classification and distances are approximate and 
roust be regarded as simply an indication of the principle involved. 
Let: 

P= total load on rivet ; 

1 • , , , . * J * 
- s section-modulus of nvet = ; 

c 32 ' 

5 as maximum stress, tensile or compressive, due to bending ; 

M = maximum bending moment ; 

t + T 

= P in butt-joints, double-strapped ; 

4 

= P-t in lap-joints ; 
*S- = resisting moment. 
Equating the bending and resisting moments, we have for : 

Lap-joints : S •= — -jj- ; 

t 4- T 
Butt-joints : S = 8P- d$ 2 . 

In the lap-joint, as the plates bend, the bending moment de- 
ceases. 

3. Shearing Stress on Rivets. — When failure by shearing 
Occurs in lap and single-strapped butt-joints, but one cross-section 
^f the rivet-shank is sheared, while, in double-strapped butt- 

*"Die Maschinen-Elemente," 1901, p. 170. 
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joints, the shank must be sheared in two places. In the former 
case, the rivet is said to be in single, in the latter in double, shear. 
The resistance to shearing is the product of the area sheared by 
the mean ultimate shearing stress; or, in the case of a rivet, 
7rd 2 /4 X S t , for each rivet-section. 

In double-strapped joints, as shown in Fig. 80, the shearing 
force, P t is always approximately normal to the rivet. Hence, the 
shearing resistance of the latter is 2(7rrf 2 /4* S t ). In the lap-joint, 
Fig. 78, as the laps bend, the force, P, does not remain normal and, 
hence, has both shearing and tensile components with regard to the 
axis of the rivet. The mean ultimate shearing strength of steel 
is taken as 0.8 of its mean ultimate tensile strength. Therefore, 
the division of the force, P, in single shear, into tensile and shear- 
ing components diverts a portion of it to the stress against which 
the rivet's resistance is greater. As a consequence, the ultimate 
strength, in joints, of a rivet in single shear is to that of one in 
double shear, not as 1 : 2, but as 4 : 7 or 1 : 1.75, approximately. 
For each rivet in a joint, then : 

nd 2 

Ultimate strength, single shear = • S t ; 

4 

ltd 2 

Ultimate strength, double shear -^ 5" x 1.75, 

4 * 

in which d is the diameter of the shank and S § is the mean ulti- 
mate unit shearing stress. 

The shearing stress varies in intensity throughout the cross-sec- 
tion. In a solid of circular section, as a rivet-shank, the maxi- 
mum is £ the mean shearing stress.* Taking the maximum shear- 
ing unit stress, £,(max.), as -fa of the ultimate unit tensile stress, 
S t , the mean ultimate shearing stress, 

S.= fS.(max.) = fx &<$; = |S,. 

While this is the theoretical ratio between the maximum and mean 
shearing stresses of a solid circular section, the common practice 
is to take S $ = 0.8 S t for steel rivets, the discrepancy, if any, being 
covered by the factor of safety. 

4. Bearing Stress on Rivets and on the walls of rivet-holes. 

♦Rankine: " Applied Mechanics," 1869, p. 340. 
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In a new joint, the rivet-shank, owing to contraction in cooling, is 
not in contact with the plate, and, further, its initial tension pro- 
duces frictional resistance to movement between the plates, straps, 
and rivet-heads. This friction, when the joint is first loaded, re- 
duces the pressure upon the rivet and it must be overcome wholly 
before the full bearing stress can exist. In fact, if it be assumed 
that each rivet carries the same load, there would be, in service 
and with the customary factor of safety, no bearing pressure what- 
ever upon the rivets of a new joint. Thus, taking the mean ulti- 
mate shearing stress of rivet-metal as 44,000 lbs. per sq. in., the 
factor of safety as 4.5, the elastic limit as 30,000 lbs. per sq. in., 
and the coefficient of friction of steel plates as 0.5, we have, per 
sq. in. of rivet-section : 

Allowable shearing load = 44,000 -7-4.5 = 9*77% lbs.; 

Frictional resistance at elastic limit ^ 30,000 x 0.5 = 15,000 lbs., 

*• *., even if the elastic limit were not exceeded, the resistance of 
the plates to slip would be 50 per cent, greater than the permissible 
shearing load. In view of these considerations, high authorities in 
fiance and Germany (§46) contend that riveted joints should be 
^signed with regard to their frictional resistance and not with 
re ference to the ultimate strength of their elements. 

On the other hand, owing to the elasticity of the plate, the ir- 
re gularity of workmanship, the bending of plates or straps, and 
^*eir actual and relative movement, especially in pressure-joints, 
^Hng expansion and contraction, it seems probable that frictional 
r ^sistance is modified greatly in service. Furthermore, experi- 
*^nt shows that, in multiple riveted joints, the outer lines of the 
'"^ets in test-specimens bear a wholly disproportionate share of 
***£ load, owing doubtless to the elasticity of the plate between 
*hem and the inner rows. Hence, their load probably exceeds 
*hfc frictional resistance they produce and the latter may be over- 
Q °itie in detail throughout the joint. 

In considering bearing pressure, assume for simplicity, as in 
^ig. 81, that the rivet is incompressible, that the elastic limit of 
*he metal is not exceeded, and that the rivet axis remains parallel 
^o the walls of the hole. The total load, P f upon the rivet will 
*orce the latter into the plate the distance, 0-0'= A- A', since the 
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displacement, parallel to the line of action of P, will be the same 
for all compressed parts of the plate in front of the rivet. The 
elasticity and reaction of the plate produce on any element, B, of 
the circumference a bearing pressure, 6, which is a maximum, V , at 
C and varies as the cos throughout the quadrant, being zero at D. 
The summation of the vertical components of b equals P. 




The rivet, however, is compressible and its section under 
pressure is no longer circular. Again, Figs. 78 and 80 show that 
the pressure on the axial plane is not uniform throughout. Finally, 
under excessive stress, the plastic stage is reached and the in- 
tensity and distribution of the pressure depend upon the free- 
dom of flow of the metal. These unknown elements make an 
analysis of the problem impossible without assumptions so broad 
as to render the results valueless. With regard to an empirical 
formula, it may be noted that, in summation by the calculus of 
the vertical components of 6, the normal pressure upon the ele- 
mentary arc, ds = r*d0 t must be considered and that the radius, 
r / =r = <//2, approximately. Again, with a given load,/ 7 , the 
resulting unit bearing pressure depends, in some degree, upon the 
thickness, /. These conditions warrant the introduction of d and 
t in such a formula, the latter becoming : 



p=S e xdx t 9 



(12 5) 
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in which P= safe load on one rivet and S e = a mean working 
bearing stress determined by experiment. Professor Unwin* says : 

From experiments on indentation, it is known that the resistance to indentation of a 
plastic material does not much depend on the form of the indenting body, but only on 
the projected area normal to the direction of indentation. Hence, it is not an arbitrary 
rule, but one based on experiment, to take the resistance to indentation of a plate of 
thickness, /, by a rivet of diameter, d, to be proportional to the projected area, d X t. 

5. Bending Stress in Plates. — In a lap-joint, the stress will 
be a maximum when the parts are in the position shown in Fig. 
j j. For example, in plate, A, there acts at the left a force, P f 
which produces a direct unit tensile stress, S t , and, at the right, an 
opposing force, P 9 with leverage, /, which tends to bend the plate 
and to produce a further tensile stress, S b , in its upper fibres. 
The breadth of the section thus bent is / — d and its depth is /. 
The stresses are : 

Lap-Joint (Fig. 77) : 

Tensile load on section = P; 

Resistance of section = S t (p — d)t ; 

P 
Equating load and resistance : S t = / s j\ f • 

Bending moment of load = ?x/; 

(p — dy 
Modulus of section = - — -? — — ; 

(p — dy 
Resisting moment of section = S h ^ ; 

Equating the moments : S h = j- — -p- • 
Total maximum unit tensile stress = S t + S b ; 



Jf^Tf < I26 > 



Double-strapped Butt-joint (Fig. 80) : 

P 
Tensile load on strap = — ; 



*" Elements of Machine Design," Part I., p. 131, 1901. 
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Resistance of strap = S t (p — d)T 2 ; 

P 

Equating load and resistance : S, = -7— twf - ' 

P t + T 
Bending moment of load = ; 

2 2 

Modulus of section = ' * I 

(4% /f\ r P* 
Resisting moment = S b • ^ ; 

t + T 
Equating the moments : S h = $P- j- j\ T i ' 

Total maximum unit tensile stress 

These calculations will be regarded as general, giving maximum 
results. In lap-joints especially, the moment of the load is re- 
duced rapidly by the bending of the plates. 

6. Bearing, Shearing, and Tensile Stresses in Plates. — 
The bearing pressure between the rivet and the walls of the rivet- 
hole, is, of course, mutual. The metal in front of the rivet is, as 
indicated in § 41, in the condition, approximately, of a beam fixed 
at the ends, with, in consequence, a shearing stress at the latter 
since, at those points, the stress due to the resistance of the rivet 
is communicated to the net section of plate along the pitch-line. 
The distribution of the tensile stress in this net section is affected 
by several conditions and presents a complex problem which Mr. 
C. E. Stromeyer * contends is treated most adequately by regard- 
ing the metal surrounding the rivet as part of a section of a thick- 
walled cylinder. 

It is possible to gain from experiments some knowledge of the 
conditions which prevail. Thus, when a rectangular specimen of 
unperforated plate is tested to rupture, the fracture is of crescent 
form and, if the separated parts be brought together, they will 
touch at the sides, leaving a gap in the middle. Evidently, then, 
the stress is a maximum in the centre of the specimen. Again, 

* " Marine Boiler Management and Construction/' 1893, p. 166. 
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as shown in §38, the perforation of a plate, as for rivets, causes a 
restriction of the flow of metal, a change in stress-distribution, and 
an increase in ultimate tenacity, owing apparently to the partial 
removal of stress from the centre of the net plate-section to the 
portions adjoining the holes. Furthermore, when such a plate 
forms part of a loaded joint, it is the rivets which produce stress 
in it. If the plate be considered, very generally, as made up of 
simple beams, each loaded in the centre by one rivet, the stress 
would be a maximum at the walls of the hole and reach its mini- 
mum at the centre of the net plate-section. 



46. The Friction of Riveted Joints. 

Many tests to determine the resistance to slip of riveted joints 
°f various types, have been made at the U. S. Arsenal, Water- 
to Wn, Mass., the results of which will be found in the various 
ar *nual reports to the Secretary of War. M. Dupuy,* also, has 
Co *iducted extensive experiments with regard to the magnitude 
ar *cl effect of the friction of the joint. The researches of Professor 
C. Bach, of Stuttgart, have been exhaustive and he has presented 
st *~ong argument in favor of the theory which bases the design of 
nv ^ted joints upon their frictional resistance alone. The review 
°* his conclusions which follows, has been summarized from the 
"^^-tter, as set forth in his work on Machine Design. \ 

The effect, upon the frictional resistance, of the temperature, the 
^^lgth of the shank, the number of rivet-rows, etc., is considered 
s ^jparately. Unless otherwise stated, the joint was not calked. 
^- insider: 

1. The Temperature at Riveting, either cherry-red or rose- 

^^^*1. .Notation: *= thickness of plate, </= diameter of rivet, 

5885 a= length of shank. One kilogramme (kg.) = 2.20462 lbs., 

^^^oirdupois ; one millimetre (mm.) = 0.03937 in. ; one square 

^^ntimetre (qcm.) = o. 1 5 5 sq. in. 

(a) Lap-joint; /= 13 mm., d = 19 mm. t /=26 mm. The 
^ ^>wer (cherry-red) temperature gave sometimes a greater friction 
^4ian the higher, averaging 1,199 to 1,115 kg. per qcm. of rivet 
^ross-section. 

* An. d. Ponts et Chaussles. 

t "DieMaschinen-Elemente," 1901, pp. 165-170. 
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(6) Lap-joint with inside and outside welt-strips ; t— 13 mm., 
d=* 19 mm., /= 52 mm., t (each welt) = 13 mm. Owing to the 
doubled length of shank, there was given, at the higher tempera- 
ture, a greater friction, averaging 1,769 to 1,305 kg. per qcm. of 
rivet cross-section. 

Experiments by Considere confirm (a) and apparently contradict 
(6). He found, that, at a riveting temperature of 6oo° to 700 
C, the friction reached a maximum, being then greater than when 
the rivet was at a rose-red heat, say 1000 C. Prof. Bach con- 
cludes that it is not the temperature of the rivet at insertion which 
is important but that at the moment of finishing the point. Also, 
in machine-riveting, his experiments showed, that, within limits, 
the friction increased with the duration of the pressure upon the 
rivet. The resistance was affected further by the temperature, at 
finishing, of the portions of plate adjacent to the rivet. 

2. Length of Rivet-Shank. — The shank of greater length 
produced the higher resistance. Thus : 

(a) Lap joint; /= 7.5 mm., d= 16 mm., /= 15 mm. Resist- 
ance, 846 kg. per qcm. of rivet cross-section. 

Lap joint ; t = 7.5 mm., d = 16 mm., I = 31 mm. Resistance, 
1,037 to 1,1 1 1 kg. per qcm. of rivet cross-section. 

(b) Lap joint; /= 13 mm., d = 19 mm., /= 26 mm. Resist- 
ance, 1,115 kg. per qcm. of rivet cross-section. 

Lap joint; /= 13 mm., d= 19 mm., /= 52 mm. Resistance, 
1,769 kg. per qcm. of rivet cross-section. 

The slip with varying loads is shown by the following experi- 
ments : 

(a) Single-riveted lap-joint; /= 13 mm.,d= 19 mm., /= 26 
mm., pitch =/ = 48 mm., number of rivets = n = 3, diameter of 
rivet-hole = 20 mm. 

Load. Load on Riret Area. Slip. 

10,000 Jbg. I>*74 *g- per qcm. o 

11,000 " 1,291 " 0.0125 mm. 

15,000 " 1,761 " 0.1 " 

20,000 " 2,348 " 1. 175 " 

(6) Same joint as (a), excepting that length of shank = 52 inn** 
a plate, 1 3 mm. thick, having been laid on each side of the seam- 
It will be seen that the resistance of (6) was 15,000 kg., whi* e 
that of (a) was io,ooo; but that, with (*), the slip increased & 
more rapidly, and, at 20,000 kg. load, was much greater. 
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mm 


Lo«L 


Load on Rivet Area. 




SHp. 


?m 


15,000 kg. 


1,761 kg. per qcm. 




0. 




16,000 " 


1,878 " 




O.004 mm. 


xM 


17,000 " 


1,995 




O.009 " 




18,000 " 


2,113 " 




O.202 " 




19,000 " 


2,230 " 




I.255 " 




20,000 " 


2,348 




1.405 " 




The breaking strength 


s of these joints 


were : 








Kg. 


per qcm., Rivet-section. 




(a) 






. . . 3,522 




V / 

(*)• 






• • • 3,404 



Prof. Bach's conclusions as to the greater length of rivet-shank 
giving the greater resistance are, apparently, at variance with the 
theory of contractile stresses, as given in § 45. Assuming abso- 
lutely the same conditions throughout, excepting dissimilar aggre- 
"^ gate plate-thicknesses and shank-lengths, the contractile-stress, 
pressure, and frictional resistance per sq. in. of rivet-section 
should be the same in all cases, since S t •= a • r E in (1 24). The 
explanation of this seeming discrepancy lies probably in the fact 
that, with the shorter shank, the expansion, while the same per- 
centage of the length, is a less amount actually ; and, therefore, 
in riveting, will be more affected by the same looseness of plates 
or other defect, than the expanded length of the longer shank. 

3- Number of Rows of Rivets. — The frictional resistance 
to s Hp does not increase proportionately in passing from single to 
mu Jtiple riveting, owing to the fact that the elasticity of the plate 
P r events the regular and proportionate distribution of the load 
u P°x\ the joint. Thus, in a lap-joint, chain-riveting, 6 rows, 
^ X2 mm., d = 19 mm., diameter of rivet-hole =s 20 mm., width 
§ Folate = 1 50 mm., in the plane of the cross-section of the rivets 
s J F*» was observed at 

6,000 kg., load in 1st and 6th rows. 
8,000 " " 2d " 5th " 
11,000 " " 3d " 4th " 

*^»^ slip, therefore, was greater in the outside rows, owing to the 
ur *^qual distribution of the load. 

-4. Double-Strapped Butt-Joints. — The single-riveted butt, 
a ^ compared with the single-riveted lap-joint, gives a somewhat 
^^s resistance. Thus, /(plate) = 13 to 14 mm., /(strap) = 9 mm., 
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rf= 19 mm., resistance = 906 kg. per qcm., while, in the single- t 
riveted lap-joint, with /= 12.5 mm. and rf= 19 >#*«., the resist- 'i 
ance = 1,186 ££*. per #r*#. This difference arises from the ab- 
sence of plate-bending in the butt-joint, the plates and load being 
in the same plane, while, in the lap-seam, the eccentricity of the 
load, in bending the plates, clamps them more closely and gives 
greater friction. Multiple riveting, in butt-joints, is affected by 
the elasticity of the plate in a manner similar to that which has 
been described for multiple lap-riveting. 

5. Machine Riveting. — In machine-riveting, the magnitude 
of slip-resistance depends greatly upon the duration of pressure 
upon the rivet. With rapid work, the friction may be less than 
in hand-riveting. With sufficient pressure and duration the re- 
verse is true, especially when thick plates and, consequently, 
large rivets are employed. 

6. Influence of Calking. — The effect of calking is shown, 
in detail, by the results, as follows, of experiments upon 25 lap- 
joints, in each of which /= 12 mm., d= 19.5 mm., diameter of 
holes = 20.5 mm. The holes were drilled and the joints hand- 
riveted. 









Plates. 


Rivet-Heads. 


(«) 


5 Joints. 




Not Caulked. 


Not Calked. 


(>) 


C it 




Caulked both sides. 


ti a 


(0 


c ti 




" one side. 


Calked one side. 


(<0 


C " 




" both sides. 


(< a tt 


(0 


c ** 




a «i n 


" both sides. 


result 


s, in kg. 


per qcm 


. of rivet cross-section, were : 








Resistance to Slip. 


Breaking Load. 




(«) 




88l 


3,397 




(>) 




1,238 


3,413 




(') 




1,327 


3,3" 




(<0 




1,572 


3,178 




(0 




1,617 


3,258 



Other things being equal, a greater proportional advance in fric- 
tional resistance will be made by calking the heads of a short, 
then a long, rivet, since that resistance depends also upon the 
length of the rivet-shank. 

7. Resume. — Prof. Bach's experiments show that, (a) in good 
single lap-riveting, there will be a frictional resistance ranging 
from 1,000 to 1,800 kg. per qcm. of rivet cross-section, or even 
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according to length of shank and width of specimen tested ; 
2 age of the joint has an appreciable effect upon the amount 
stance ; (c) the magnitude of the resistance is fully adequate 
ismit the load generally placed upon a riveted joint ; (d) 
g increases considerably the resistance, a fact which is of 
tance, not only in pressure-joints but also in structural work 
es where inaccessibility makes good riveting difficult 



jr^rrar. yxsm tests ±st: z*-~* ^slgbc ?h^ctic& 



47. TeMOEflf 3 feffinl ii ft J EL!P g »i v J— Mtt 4Tfri^xiiwn tBiirtt-J<iits. 

T'ie :k3C* ^rhrwe rec-inia inlaw ^ec ::>iniiu::ra : ancSer the 
w&rnsHvn ~>f the GtrinsHxez: Z/caamneic C 5. Annv. at the 
W^Krtfcwn Aneaal :n r.$#~ 5ir zae 3uzeax if Steam: Engineer- 
ing V .% yfz&y. Tiey are if ^cyrrsa vsinc sncs Tin* specimens 
***?** Miiwuaily v*rie. die states dnnk. aid -mxitinie n'u tffn g was 
m«H Tint ^flritauift thug r.ir?acrmTing -vici rfrose of bofier-^oints 
>ir wAftrzXfr srewura*. Tie ^FatMf -vere -if '3TOca.-&earrfi steel 
»:rii ^raU^ ir;iea ami *oeared edges and zie aims were rweted by 
^f^am Tie *trx* sjaed as saov rae qoaotsr .if dre met-af were 
'/ *he *ime graiic. alrhougq 3ct from rEnc sane ^teecs. as die 
V,irit*. Tie rtutaa Kn*me fcrergtEt cf rrree sncfr specimens for 
*3*vh tairic'r.evt *w2& za&i in CGmprxtirxg die f ffii i u ni i iia of the joints. 
The p^se^irjcnes* varied sotncwfeat at drfi fc i ent edges. After 
fteravg. the rr/et head** were ptaned from, a. mnnber of the joints, 
*he rwt* 'frr/en oat and bctt-straps rexnorod. and the elongation 
'/ the rr/et-hoies measured Owing to the absence of tensile 
text* 'A the ^perforated plate, the rffirinTrire of joints I v I v I s 

7he ungual distribution of the load among die various rows 
of tr/iU h *iw>wn clearly by tbe elongations of the rivet-holes. 
1hu%, in the joint, B v FTg, 82 ff-in. plate, f-in. steel rivets) which 
MftrA hy rufAure at 50,200 lbs. apparent tension on net plate sec- 
tion, the average elongations on tJie right of the seam were, in the 
outer row, 0,284 in,; in the central row, 0.173 in.; and, in tbe 
inner row, 0,054 in. Again, the average elongation of the two 

* for the slate from practice given in this chapter, the anther is indebted to the 
Hnr**tt of ftteam Engineering, L\ S, Nary ; the Baldwin fdmim t it c Works ; Messrs. 
k, \K Wood and Company ; J, M. Allen, Esq., President, The Hartford Steam Boiler 
fftftfrfttfion and JftMtrance Company ; E. D, Meier, Esq., of the American Boiler Manu- 
fart urer*' Aaaociation ; the Editor of the American Machinist; C C Schneider, Esq- 9 
Vic* President, American Bridge Company ; the Bnrean of Construction and Repair* 
I/', S, Navy ; Edwin S, Cramp, Esq., Vice-President, the William Cramp Ship ar*<* 
Kngfoft Building Qmipany ; and W. Irving Comes, Esq., Secret ar y, the America 
Bureau of Shipping 
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>les in the outer row was 0.31 in.; that of the middle hole, 
ow, was 0.26 in. Similar values for the central row were 
1, and o. 145 in.; and, for the inner row, 0.065 in. and 0.05 in. 
ress in the joint section was, therefore, greatest at the edges. 





d 0;0 O 






<f ojojp 






< iC°! > ) 






C°i cP 






:Q OJOJD 





S\r\r^ 



r\s^r\ 



Fig. 82. 



town in Fig. 82, the metal drew down in thickness, in diag- 
and zigzag lines between the rivet-holes of adjacent rows, 
jgh the space thus traversed was greater than that along the 
•line. All riveting, through two butt-straps, was zigzag with 
rets omitted. 

the tables which follow, tests No. 905 and 909 are sample 
ds of the strips tested to show the quality of the metal. The 
eding tables give tension tests of metal from the fractured 
of the joints, the tests of the joints, and data as to the mode 
.ppearance of fracture. The widths of the various classes of 
-specimens tested, were : 

B, K y 20 ins.; Z>, 17 ins.; E t 16.5 ins.; G } 15.75 i ns -J H> 
\ ins.; /, 14.39 * ns - 



Test No. 905. — Specimen C r — Thickness, Five Eighths Inch. 
Gauged length, 15 inches ; cross section, 12" X .639" ; area, 7.668 square inches. 



AppUet 


Loads. 


la Gauged Length. 












Remarks. 


Total. 


Per square 
inch. 


Elongation. 


Set. 




Fautuii. 


Founds. 


imckes. 


JncAtj. 




7,668 


IjOOO 


0.0000 


0.0000 Initial load. 


3S.340 


SiOOO 


.OOI7 


0.0000 


76,680 


10,000 


.O042 


0.0000 




II5.020 


I5,000 


.0065 


0.0000 


^ 


153a 60 


20,000 


.0089 


0.0000 




t6l,028 


2I,000 


.0094 






168,696 


22,000 


.0098 




>76,364 


23,000 


,0103 




*.* 


184,033 


34,OO0 


.OI08 




1 


I9I»700 


25,000 


■OII2 


— .000 1 


194,000 




.OI13 




1 "3 


106,000 




.OI I 5 




$ a 


198,000 , 




'OI 16 




*■ % 


200,000 




.OIlS 




a s 


20*,OOO 




.012O 




* 1 


204,000 
2o6,000 




-0123 
.OI25 




2oS,000 




.OI27 






210,000 




.OI30 




212,000 




■OI33 




214,000 




.OI36 




to £1* I 


216,000 




,0140 




S°°- & 


218,000 




.0144 




■ * S5l 


220,000 




.OI50 




Elastic limit. * -g * 


222,000 


28,950 


,0154 




324,000 




.OI62 




* : 1 I 

: 3 s 

Vjj j 

% 1 


226,000 




.OI70 




228,000 




■0183 




230,000 




.0213 




232,000 




.0277 




234,000 




.0480 




236,000 




'0995 




237,708 


3I,000 


■2175 




'. f i 


*45i376 


32,O0O 


■23 




«£ s 1 


253j044 


33*OO0 


■35 




260,712 


34, 000 


.38 




268,380 


35,000 


■31 


• 


276,048 


. 36,000 


■33 




: * $ 


283,716 


37iO0o 


■37 




%> II 1 


291,384 


38,000 


41 




**i 


299,052 


39,000 


■45 




306,720 


40,000 


.50 




§ >< s 


3i4i3© 


41,000 


■54 




ski 


322,056 


42,000 


*59 




329,734 


43,000 


.66 




337*392 


44,000 


.71 




-S ££ % 


345*o6o 


45,000 


.78 




S § 8 

i S a 


352i738 


46,000 


,86 




360,396 


47,000 


-95 




368,064 


48,000 


1.07 




375*732 


49* 000 


1.31 




383,400 


50,000 


147 




S 53 < 


391,068 


51,000 


1.58 






398*736 


52,000 


I.80 






406,404 


53/ 000 


2,o8 






414,072 


54iOoo 


3.o8 






414,800 


54,100 


342 




Tensile strength. 








O 


5«52 


-36.8 per cent, 



(p. 194) 
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Test No. 909. — Specimen F s . — Thickness, Seven Eighths Inch. 
Gauged length, 15 inches; cross section, 8.5io // X.867 // ; area, 7.378 square inches. 



= 

Applied loads. 


In gauged length. 












Remarks. 


Total. 


Per square 
inch. 


Elongation. 


Set. 




Pounds. 


Pounds. 


Inches. 


Inches. 




7,378 


1,000 


O.OOOO 


O.OOO 


Initial load. 


■ 36,890 


5>ooo 


.0020 


O.OOO 




73,780 


10,000 


.OO45 


O.OOO 




110,670 


15,000 


.0070 


O.OOO 




147,560 


20,000 


.0097 


O.OOO 




154,930 


21,000 


.OI03 
.OI08 






162,316 


22,000 






169,694 


23,000 


.OII5 






172,000 




.0120 






174,000 




.OI22 






176,000 




.OI24 






178,000 




.OI27 






l8o,000 




.OI30 






182,000 




.OI34 






184,000 




.OI37 






l86,OO0 




.OI42 






188,000 




.OI47 






190,000 


25*750 


•°I53 




Elastic limit 


192,000 




.0165 






194,000 




.0182 






J 96,ooo 




• J 775 






206,584 


28,000 


23 






*3>962 


29,000 


.26 






221,340 


30,000 


.28 






228,718 


31,000 


32 






236,096 


32,000 


•35 






2P4 7 * 


33>ooo 


.38 






250,852 

265,608 


34,000 


43 






35>o°o 
36,000 


47 
.52 






2 2°»36 4 
& 7 * 


37,000 
38,000 


•57 
.63 






39>«x> 


.69 






'SS.iao 


40,000 


•74 






%!'$* 


41,000 


.84 






309.876 


42,000 


.92 






43,000 


1.01 






3*4,6 32 
^32,oio 


44,000 


1.16 






45,000 


1.28 






339,388 


46,000 


147 






346, 766 


47,000 


1.67 






354,146 
36 5,7oo 


48,000 


1.98 






49,000 


2.48 






49»57<> 


3.30 




Tensile strength. 


^_o 







531 


= 35.4 per cent. 



Elongation of inch sections: .17", ,2c/ 7 , 22*, .25*, .29 // , .36", .49/', *i.4i // , .51", 
37 "» .29", .25*, .21", .17", .12". 

^ r ea at fracture, 6.43 // X .58" = 3.73 square inches. Contraction, 49.4 per cent. 
, appearance of fracture, silky, lamellar. Fracture open at the middle, .40" ; edges 
:| osed. 
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Table XLI. 





Tests of Riveted Joints 


for Bureau of Steam Engineering 


> 




8 

s 

■ 


1 


Style of Joint. 


1, 

I* 

1 




Size and Kind of Rivets 
mid Holes. 


Sectional Area of 
Plate. 


Gross. 


Net. 


910 
911 
912 


* 

A, 


"j Double riveted ; dou- 
w hie butt straps I in. 
) thick ; 3 jn. pitch. 


Inch. 

Q 


S$ inches. 
] | inch steel rivets ; f 1 3. 22 
t | J inch drilled ! 1 13.0S 
j holes. 1 1 1 241 


Sg inchts. 

IO.T2 

I O.O I 

9-50 


913 
914 

915 


1 


"l Treble riveted ; dou- 
V ble butt straps J in, 
J thick j 3^ in, pitch. 


Q 


J | inch steel rivets - 
i If inch drilled 
J holes. 


f 12.8l 
\ 12.69 

tj2.69I 


IU.3I 
10.2I 
IO-2I 


916 

917 
918 


1>, 


I Double riveted ; dou- 
J- hie butt straps } in* 
J thick ; 3I in- pitch. 


W 


\ l inch steel rivets; ' i 14,671 
I |X inch drilled | -j 14,646 
j holes. ( 14.705 


IO.O9 
IO.07 
I O.I I 


919 
920 
921 


E t 1 Treble riveted - t dou- 
E a f I ble butt straps J in. 
E^ ' J thick ; 4.^ in. pitch. 


11 


I inch steel rivets ; ' 
> l^% inch drilled 
J 1 holes* 


f 14-322 
i H.43S 
I 14-256 


IO.63 
IO.72 
IO.58 


922 
924 




Leavitt joint ; double 
butt straps ; one of 
usual width for dou- 
ble riveting and * 
inch thick ; other, § 
inch thick and ex- 
* tended far enough 
on each side to re- 
ceive five additional 
rivets in two rows. 
Pitch of double rivet- 
ing on inner rows, 
2f inch. 


i 

• * 


3 plates; 1^ inch 
iron rivets; I J 
in. drilled holes. 
-2 plates; ij 
in. iron rivets ; 
ij inch drilled 
holes. 


13.781 

' 13.S52 
13*74* 


10,93 

IO.9S5 
10.90 


925 
926 
927 


1 

H, 


Leavitt joint ; same 
arrangement as in G 
series except that 
wide butt strap bas 
y six rivets on each 
side beyond narrow 
strap. Pitch of dou- 
ble riveting, sj- 
inch. 




3 plates ; I inch 
iron rivets ; 1^ 
in. drilled Holes. 
1 2 plates ; 1 J inch 
iron rivets; i\ 
inch drilled holes. 


I3-252 
■ 12.776 

12.S1 


1^537 
10.154 
io,iS6 


929 
930 




Lenvttt joint ; same 
arrangement as in G 
series except that the 
five rivets in ends of 
- wide butt strap are 
differently spaced. 
Pitch of double riv- 
eting on inner rows, 
2 J inch. 


- A 


- 

14 inch iron rivets ; 
1 inch drilled 
holes. 


S.2S7 
. 8.21 1 
8.28 


6.820 

6-755 
6.81 


93* 
932 
933 




n Treble riveted ; dou- 

• ble butt straps J in, 

thick ; 3 T 9 5 in. pitch. 


(1 


\ j inch iron rivets ; j 
I || inch drilled 
J holes. 


f 12.36 
1 12.93 


9-94 

10.40 
10,44 



* No figures given because no tests were made of this thickness of metal for tensile 
strength. 
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Table XLI. — Continued. 
United States Navy Department. 



Beating 

Surface 
of Rivets, 


Shearing 
Area. 1 
Rivet*. 




Minimum Stres* on Joint per Square Inch, 


Tension 
on Gross 
Section 
of Plate, 


Tension 

on Net 
Section 
of Plate. 


Compression 

on Bearing 

Surface of 

Rivet*. 


Shearing 
on Riven. 


Efficiency 
of Joint. 


6.72 
6,64 

6.30 


Sf+incArs. 
I246 
12.46 

I2.46 


/Vff»r/J, 

53*7*o 
53.7IQ 
537 JO 


Ptmndt. 
42,860 
40,960 
42720 


Pounds- 
55*990 

53,530 
55,800 


Pounds. 
84,320 
80,690 
84,140 


Pounds. 

45,410 

43.000 
43,540 


Ptr cent. 

79.8 A 

76.2 b 

79.5 c 


S.oi 
7-93 

7<94 


1544 
15-34 

15*34 


537*0 
53*7*o 
53*7 <o 


43t46o 
40,390 
44,29° 


£1,040 
55,050 


69,560 
64,630 
70,790 


36.320 
33*4io 
36,640 


80.9 d 
75-2 e 
82.5 f 


S.25 
8-23 
8.27 


I596 
1596 

*5*9& 


51,190 
51^90 
51-190 


35*J&> 
30.190 
35.780 


51,150 

turn 
52,050 


62,560 
64,410 
63,630 


32.34o 
33.210 
32,970 


68.7 g 
70.7 h 
69.9 1 


10.15 
10.23 

10. 10 


J9-5J 
19-5' 


51,190 
51*190 
31.190 


37*91° 
38,400 

37*95o 


51,080 
51,130 


53.500 
54*100 
53*56o 


27.830 
28,420 
27.730 


74-1 j 
75-o k 
74.1 1 


16.30 

16.38 

16.26 


28,00 
2S.00 

28.00 


5^190 

51*190 
51,190 


40,810 
41*740 
40**20 


51,460 
52,040 
50,580 


34i500 
35*300 
33*9IO 


20,090 
20,650 
19.690 


79-7 * 
81.5 
784 


14-045 

13^54^ 
13.576 


304* 

3041 
3041 


53*7io 
537IO 
537IO 


42,820 
45*3oo 
46,070 


53,860 
51,000 
51,940 


40,410 
42,720 
43*470 


18,660 
19.030 
19*410 


797 P 

84.3 q 

85,8 r 


8.057 
7-994 
8.05 


18.06 

18.06 
18.06 


* 

* 

# 


42,250 

40,800 
40,720 


51,S36 
49,590 

19,590 


43*450 
41,910 
41,890 


19,380 
18*550 
18,670 


* s 

* t 

* u 


7773 

8.08 

8.11 


15-34 
1534 

15-34 


53*7io 
53.7IO 

53.7IO 


43*6oo 
43*260 
43iOoo 


54 M0 
93,780 

53*460 


69,720 
69,220 
68,820 


35,130 

36,460 
36,390 


81,2 T 
80.5 w 
80.1 x 



Figures in heavy-faced type indicate manner of failure. 

For explanation of reference letters in last column, see next page. 
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Mode of Fracture and Appearance of Fractured Surfaces. 

a. Sheared the rivets in one plane in Plate A ; started a fracture at side of one rivet 
hole in outside row of riveting. 

b. Fractured Plate A along outside row of rivet holes. Appearance of fractures, 
silky, lamellar. 

c. Fractured Plate A along outside row of rivet holes ; sheared (double shear) six 
rivets in Plate B. Appearance of fractures, silky, slight lamination. 

d. Fractured Plate A along outside row of rivet holes. Appearance of fractures, silky. 

e. Fractured Plate A along outside row of rivet holes. Appearance of fractures, 
silky, slightly lamellar. 

f. Fractured Plate A along outside row of rivet holes. Appearance of fractures, 
silky, lamellar. 

g. Fractured Plate B along outside row of rivet holes ; tore apart from one edge. Frac- 
tures also started in Plate A at opposite edge. Appearance of fractures, silky, lamellar. 

h. Fractured both plates along outside row of rivet holes. The separation of Plate 
A was complete ; Plate B fractured through four sections. Appearance of fractures, 
silky, slightly lamellar. 

i. Fractured both plates along outside row of rivet holes. Plate B did not separate 
at one edge. Appearance of fractures, silky, slightly lamellar ; metal well drawn dowa 
j. Fractured Plate B, taking zigzag course through two outside rows of rivet holes. 
Appearance of fractures, silky in part, granular in part ; the metal in the silky sections 
well drawn down, the granular sections not much reduced in thickness, the extremes 
of thickness after fracture being .605" in the silky and .840" in the granular metal. 
A loud report accompanied the fracture of the granular metal. 

k. Fractured Plate A, taking a zigzag course through two outer rows of rivet holes. 
Appearance of fracture, silky, slightly lamellar. 

/. Fractured Plate B, taking a zigzag course through two outside rows of rivet 
holes. Fracture silky, slightly lamellar. 

m. Fractured Plate A along outside row of rivet holes. Fracture silky, slightly 
lamellar. Mean thickness at fracture, .56 inch. 

n. Fractured Plate A along outside row of rivet holes. Fracture silky, slightly lamellar. 

0. Fractured Plate A along outside row of rivet holes. Fracture silky, lamellar. 
One seam in fractured surface %" wide. 

p. Fractured Plate A along outside row of rivet holes. Fracture, silky lamellar. 

q. Fracture in same place as H v Appearance, silky, slightly lamellar. 

r. Fractured Plate B along outside row of rivet holes. Appearance, silky, slightly 
lamellar. Plates open at butt joint y 2 inch. 

s. Fractured Plate B along outside row of rivets, beginning the fractures at edges 
and extending from rivet holes toward middle of plate. Fracture silky, slightly 
lamellar ; metal well drawn down. 

/. Fractured Plate A along outside row of rivets. Appearance of fracture, silky, 
slight lamination. 

u. Fractured Plate A along outside row of rivets. Appearance of fracture, silky, 
slightly lamellar ; metal well drawn down. 

v. Fractured Plate B ; followed outside row of rivet holes in part, and thence, 
through inside rows, to end of plate ; sheared two end rivets. Fractures silky, 
slightly lamellar. 

w. Fractured Plate A along outside row of rivet holes, except end sections and one 
middle section. Appearance, silky, lamellar. 

x. Sheared every rivet, in the joint in both plates. The under butt strap dropped 
to the floor. Double shear in Plate A, three rivets ; single shear in Plate B, with the 
exception of one rivet, which sheared in two planes. 
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Tension Tests of Strips Cut from Fractured Ends of Riveted Joints. 

These strips were taken from the middle of the width of the joint plates and parallel 
to the direction the joints were pulled. 

Two strips were taken from each ; one was annealed by heating bright red and cool- 
ing in the open air ; the duplicates were not annealed and were tested as taken from the 
fractured joint 

When the annealed specimens were at the maximum temperature, centre-punch 
marks, 10" apart, were stamped on one edge, and about the time the color had left 
them they were marked again on the other edge. After cooling to 70 Fahr. the dis- 
tances between these marks were measured. 

The amount of contraction, therefore, indicates approximately the heat at which the 
strips were annealed. 

48. Riveting Machines. 
Rivets are driven either by a succession of relatively light blows, 
as in hand-work and by pneumatic hammers, or by heavy and 
sustained pressure, as in hydraulic machines. In the latter pro- 
cess, the continuous and powerful compression of the hot rivet- 
blank upsets the shank, fills the hole, and closes the plates, while 
in hammering, especially if the blows are light, the head may be 
formed before the shank is upset fully, the rivet may be more or 
less loose in its hole, and the impact tends to crystallize the metal. 
Owing, however, to the extremely rapid action of the pneumatic 
hammer, excellent results in hull and structural work have been 
y obtained by its use. When, as in marine cylindrical boilers, the 
\ plates are thick and the rivets large, hydraulic riveting is necessary 
\in order to secure tight joints. 

Riveting machines may be " fixed " and powerful, as for steam 
boilers and shop-riveting in general, or light and portable, as in 
the types used for hull work and field-rivets. The essential parts 
of any machine are a stationary " stake" holding the die which 
engages the rivet-head and a piston or ram driving a second die 
which upsets the shank and forms the point. The stake or its 
equivalent forms part of the framing of the machine. In the pneu- 
matic hammer, it is replaced by an air-pressure mechanism known 
as the " pneumatic holder-on." In portable riveters, the riveting 
plunger may be direct-acting or be operated through linkage from 
the piston rod. An auxiliary cylinder, actuating a plate-closing 
device, has been used for clamping the joint before the rivet is upset. 
/ Either steam, hydraulic, or pneumatic power is used in riveting 
/ machines. All are applied to drive by pressure and the latter, in 
t the pneumatic hammer, by impact as well. Steam has the ad- 
\ vantages of familiar mechanism and the absence of an accumulator 

v 
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or compressor- plant ; but its relatively low pressure makes large 
cylinders necessary, and, owing to its condensation, expansibility, 
and the leakage inevitable with pis ton -valves, the pressure de- 
veloped is not uniform and is delivered largely in the form of a 
blow which tends to crystallize the rivet. These objections, ex- 
cept with regard to condensation, apply in the main to pneumatic 
machines, although their portability gives them a wide field. In 
hydraulic riveting, a pressure of 1,500 lbs. per sq. in. is used. 
This gives a small cylinder requiring, relatively, but little fluid, 
while the practically incompressible and inexpansible character of 
the latter makes the driving stroke a powerful and uniform 
squeezing of the metal which fills the hole and forms the point 
without impact The high pressure, however, necessitates strong 
and accurately made joints, and, with careless handling in winter 
weather, waste water in cylinders or pipes may freeze. Since 



. 
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the fluid in the driving line is under 1,500 lbs. pressure, its 
Lability to freezing is slight A mixture of one third crude 
glycerine and two thirds water is used with success in Canada 
and northern Russia. 

Riveting machines, in their power, form, and fixed or portable 
character, present a wide variety of types. The descriptions given 
below refer to the two which may be considered as the extremes 
of this range. 

1. Hydraulic Fixed Riveter. — Fig. 83 shows in elevation 
the riveter of this type built by Messrs. R. D. Wood and Company. 

It is of "triple power," 1. e. y it exerts any one of three pressures upon the rivet, 
thus fitting it not only for work of the heaviest character, but also for that upon light 
plates which would be crushed by the pressures required for rivets of large diameter. 
The powers and sizes of the standard machines of this type are : 

No. 1 — 50, 35 or 15 tons power 5', &, 7', 8', 9/6", ic/6" and 12' gaps. 

2— 60, 40 " 20 " " 5', (/, 7', 8', 9/6", ic/6" " 12' " 

3— 75» 50 " 2 5 " " 7'* 8', ic/6", 12' " if " 
4—100, 67 " 33 " " 8', IO'6", 12' " if " 
5—150, 100 " 50 " " 8', c/6", io 7 ^, 12' " if *' 
6—180, 120 " 60 " " 8', 9/6", ic/6", i2 / " \f " 

Usual working pressure, 1,500 pounds per square inch. 

The frame is a single casting to which the cylinder is bolted, the joint being tongue 
and grooved to ensure absolute rigidity. t The cylinder, glands, rams, the framing* an 
hence the stakes, are made from open-hearth steel castings, having an ultimate tensile 
strength of 70,000 lbs. per sq. in., an elastic limit of 40,000 lbs. per sq. in., a ^ *** 
elongation of 20 per cent, in an 8-in. test-piece. 



W/^^^^ 
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Fig. 84 gives a vertical section through a riveting head, with rams having in^* 
packing of leather. The section in Fig. 85 is similar, excepting that the rwns & 
packed outside with flax. In the latter arrangement, the packing in the three stuff* *^ 
boxes is held in place by outside glands and is, hence, accessible readily for repack*** 8 
or adjustment. 



RIVETED JOINTS. 



203 




Fig. 85. 






The operation of the ram is the same in each case. Referring to Fig. 85, it will be 
seen that there are tandem cylinders, A and B y in which the duplex ram, CD y carrying 
the riveting head, £, reciprocates. In the additional cylinder, F, the "pull-back 
ram," G, moves. The riveter is fitted with a distributing valve and an operating valve. 
The former is practically a double-stop valve and may be adjusted in any one of three 
positions, viz. : With, the water passage to the small cylinder, A, open and that to the 
large cylinder, B, closed ; with the passage open to B and closed to A ; with the pas- 
sages open to both cylinders. The ram-areas upon which the accumulator-pressure acts 
are : With the first adjustment, that of cylinder, A ; with the second, that of the dif- 
ference in area between cylinders B and A ; and, with the third, the full area of cylin- 
der, B. The operating valve is of the balanced piston type with leather packing. The 
accumulator-pressure is led directly to the pull-back ram without passing through either 
of the valves as above. This ram is, hence, always in action and its back pressure must 
be overcome by that in the driving cylinders before the ram, CD, can advance. In 
riveting, the operator first sets the distributing valve for the pressure desired ; then 
moves the plates until the rivet is opposite the dies and throws the operating lever. 
Until the latter is withdrawn to its original position, the pressure remains upon the 
rivet. Since the operation of the type shown in Fig. 84 is the same as that just 
described, the reference-letters for similar parts in both are identical. 




Fig. 86. 



2. Pneumatic Riveting Hammer. — Fig. 86 * gives a longi- 
tudinal section of the Boyer " Long-Stroke Pneumatic Hammer." 

Compressed air is admitted to the hammer through a hose coupled at the lower ex- 
tremity of the handle. The admission is controlled by a main throttle valve of the 

* American Machinist, April 25, 1901. 
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balanced piston type* This valve is closed by a spring and is depressed and opened 
by the throttle-lever, /, which is pressed by the thumb of the operator. The riveting 
die, *, is held in position by the light clip, £, only. Hence, if it is not pressed against 
the rivet, the first blow of the hammer, r, would discharge it like a bulleL To prefect 
this, an auxiliary spring- pressed throttle or stop- valve, r f is fitted, which valve is oper- 
ated by two rods, as </, which extend through the body of the hammer and have their 
outer ends resting upon the ring e % against which the die-shank abuts. When, there- 
fore, the die is not forced firmly against a rivet — although the main throttle- valve my 
be open — the auxiliary valve c will be seated by air and spring pressure and the rods 
d t ring e t and die a, will be moved slightly to the right. Since both valves most be 
open before the piston, r, will act, the auxiliary valve, c, forms a safeguard. 

The valves which control the air in its pasage to and from the ends of the cylinder 
are shown at/ and g. They are hollow and of short stroke. Rods, as ^, similar to 
d t lie between the valves in the walls of the cylinder. As one valve moves towaid 
the centre of the cylinder to admit air at its end, it, through the rods, pushes the other 
palve away from the centre, so that the exhaust is open at that end. 

In the position shown, the air enters the inner end of the cylinder, as indicated by 
the arrow i, and drives the piston, r, outward, the exhaust escaping as shown it;. 
When the outer end of the piston enters the valve, g t it compresses the air be; 
forming a cushion which, acting upon the annular end of g 3 pushes the latter to the left 
and hence valve /also through the rods, k. In this position, the ports which were 
open previously are closed, port k is open to live air, and exhaust occurs through port 
/. The holes in which the rods, //, lie, serve also as passages for air to the port 
the completion of the return stroke, the piston enters the inner valve,/ and the vfthesore 
driven to the right 




Fig, 87. 



This hammer weighs about 17 lbs. and is made for driving 
rivets fromf in. to \\ in., diameter. It is stated that it requires 
20 cubic feet of free air per minute. The air-pressure which de- 
termines the force of the blow, ranges from 90 to 100 lbs, per 
sq. in., The hammer may be used without a supporting frame. 
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Its operation, with such frame and with the pneumatic holder-on, 
is illustrated by Fig. 87. 



49. Riveted Joints, Marine Boilers. 

Marine cylindrical boilers are of the internally fired type. Fig. 
88 shows one half of a longitudinal and one half of a transverse 
section of the double-ended boilers of the U. S. Battleship Kear- 
s&ge. The diameter is 15 ft., 8 in.; the length, 21 ft. As 




Fig. 88. 

shown, the shell, A, is made of three courses of four plates each ; 
the front and back heads, B, are each built up of three plates, the 
u Pper of which is curved backward to meet the shell ; the furnaces 
af e cylindrical and are corrugated to give strength ; the combus- 
k°n chamber, C (one to each pair of furnaces and two to each 
e &d), is built of flat plates throughout, except at the outer side 
which is curved so that it is concentric with the shell. The boiler 
18 braced by stays, D> in the steam and water spaces, girders, E f 
u Pon the tops of the combustion chambers, screw-stays at the sides 
a nd backs of the latter, and by stay-tubes. 
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The longitudinal seams of the shell are double-strapped butt 
joints, treble-riveted ; the circumferential seams (central) are lap 
joints, treble-riveted ; the joints of heads with shell are lapped and 
double-riveted, except with the curved plates which are treble- 
riveted ; the head plates are united by lapped seams — the upper, 
quadruple, the lower, double-riveted ; all joints in furnaces and 
combustion chambers are single-riveted lap seams. 

i. Rivet and Plate Metals. — The physical and chemical 
characteristics of rivet-metals, as prescribed in the specifications 
(1901) of the Bureau of Steam Engineering, U. S. Navy, have 
been given in § 32. The tests for rivets, as laid down in these 
specifications, are : 

Rivets, — Samples from each lot are to stand the following tests without fracture, 
test (a) being applied to one lot, and (6) to a second, etc. : 

(a) Bend double cold to a curve of which the inner diameter is equal to the diameter 
of the rivet. 

(6) Bend double hot through an angle of 180 flat back. 

(c) The head to be flattened when hot without cracking at the edges until its 
diameter is two and one half times the diameter of the shank. 

(a) The shanks of sample rivets to be nicked on one side and bent cold to show the 
quality of the material. 

Surface Inspection, — Rivets shall be true to form, concentric, and free from in- 
jurious scale, fins, seams, and all other injurious defects. If the material is found to be 
very uniform and none of the tests made of a series of lots fail, the inspector may discon- 
tinue the tests after he has made enough to satisfy himself that the whole of the material 
on the order is satisfactory. 

Note. — In measuring the diameter of rivets the inspector will allow for the trade 
custom of making rivets with an actual diameter slightly (about T ^ of an inch) less than 
the nominal diameter. 
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70,000 


37,000 


22 


.04 
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Equal to thick- 
ness of plate and 




steel. 


























through 180 . 


Class B. 


Open-hearth 
steel. 


6o,000 


32,000 


25 


.04 


.03 


Flat back through 
180 . 


Class C* 


Open-hearth 


To be in accordance with the "Standard Specifications ot 




or Besse- 


the Association of American Steel Manufacturers for 




mer. 


Structural Steel," revised July, 1896. 



♦Class C plates, shapes, etc., will be inspected at the building yard and not at the 
place of manufacture except upon special request of the contractor. No physical or 
chemical test will be made unless from the appearance of the plates giving evidence of 
overheating, cold-rolling, etc., or for other reasons, the inspector has doubts as to their 
fitness for the purpose for which they are intended. 
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The physical and chemical characteristics of steel boiler-plate, 
as similarly prescribed, are : 

1. The physical and chemical characteristics of steel boiler-plate are to be in 
accordance with the table on page 206. 

2. Kind of Material. — Steel for boiler-plates of all grades (except Class C) shall 
be made by the open-hearth process, and shall contain not more than four one-hun- 
dredths of 1 per cent, of phosphorus, and not more than three one-hundredths of 1 per 
cent, of sulphur. 

2. Proportions of Rivets. — The standard boiler rivet for the 
U. S. Navy is of the " pan-head," or conical frustum, type. The 
head and point are alike. Table XLII. gives the proportions. In 
this table, a is the diameter of the rivet, b the greatest and d the 
least diameter of the head, and c is the height of the latter. The 
angle of the sides is about 65 ° in the i-in. rivet, a and d are 
equal. 







Table XLII. 








(Boiler Rivets, U. S. Navy.) 
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The rivet-heads used for boilers at the Union Iron Works are 
"button-head " or spherical. The proportions are : 

Diameter of shank = d\ 

head = f d 4- T y ; 
Depth " = \d. 

3. Proportions of Joints. — The following tables give the 
proportions of the principal seams of typical cylindrical boilers 
of the U. S. Navy. The plates and rivets are of steel, d is the 
diameter of the rivet-hole, p is the greatest pitch, V is the 
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distance between the rivet-rows in staggered riveting, and V x the 
similar distance between the outer and the next row, when alter- 
nate rivets in the outer row are omitted. The general dimensions 
and thickness of sheets are : 
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The proportions of the joints are : 
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4. Weight of Rivets. — The total weight and the weight of 
rivets are given below for three cylindrical boilers of large size for 
the U. S. Navy. The weight given is that of the boiler simply 
without fittings, such as grate-bars, valves, lagging, etc. The 
plates and rivets are of steel. 



Working Pres- 
sure, lbs. 


Diameter. 


Length. 


Total Weight 
of Boiler, lbs. 


Weight of 
Rivets, lbs. 


Rivet-percen- 
tage of Total 
^Weight. 


l6o 
l6o 
135 


i5'3" 
14W 


I8V 
2I'3" 
I9/2" 


135.793 

I49>634 
108,128 


5,788 
6,218 

5,391 


4.26 
4.16 
4.98 



5. The U. S. Board of Supervising Inspectors of Steam 
Vessels. — The regulations (Jan., 1901) of this board give the 
following formulae for the proportions of single- and double-riveted 
lap-joints for both iron and steel boilers. Let : 

/ = greatest pitch of rivets, ins. ; 
n ==. number of rivets in one pitch-section ; 
p& = diagonal pitch, ins. ; 
d= diameter of rivets, ins. ; 
T-= thickness of plate, ins. ; 
V— distance between rows of rivets, ins. ; 
£•= distance from edge of plate to centre of rivet, ins. 

For iron plates and iron rivets : 
For steel plates and steel rivets : 



For all joints : 



. 23X* 2 X*7854 X* , , 
/ = *XT + * 



2 



For double cAain-rivettd joints, V should not be less than 2d; but it is more desirable 
that f should not be less than . 



V= 



For ordinary, double, zigzag-riveted joints : 
• (11/ 4-4^)1/4- 4^) 



For double, zigzag-riveted lap joint, iron and steel : 

6j>4- 4 </ 

For single-riveted lap joints : 

Maximum pitch = ( 1.31 X T) -f if. 
For double-riveted lap joints : 

Maximum pitch == (2.62 X T) -\- if. 
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These'formulae are equivalent to those of the British Board of 
Trade and are similar in many respects to those given in Traill's 
handbook (§ 43). From the latter, tables of single- and double- 
riveted lap joints, for both iron and steel, are quoted in, and 
authorized for use by, these regulations. 

6. Process of Riveting. — U. S. Naval specifications for 
boilers require that " hydraulic riveting shall be used wherever 
possible. In parts where hydraulic riveting cannot be used, the 
rivet-holes shall be coned and conical rivets used. Seams will be 
calked on both sides in an approved manner." 

50. Riveted Joints, Locomotive Boilers. 

The following data refer to the practice of the Baldwin Loco- 
motive Works. 

1. Rivet and Plate Metals. — The specifications are : 

Boiler and Fire- Box Steel. — All plates must be rolled from steel manufactured 
by the open-hearth process, and must conform to the following chemical analysis : 

Boiler Steel. Furnace Steel. 

Carbon, between o. 15 an{l 0.25 per cent 1. 15 and 0.25 per cent 

Phosphorus, not over 0.05 per cent. 0.03 per cent 

Manganese, " 0.45 " 0.45 " 

Silicon, " 0.03 " 0.03 " 

Sulphur, " 0.05 " 0.035 " 

No sheets will be accepted that show mechanical defects. A test strip taken length- 
wise from each sheet rolled and without annealing should have a tensile strength 01 
60,000 pounds per square inch, and an elongation of 25 per cent, in section originally 
8 inches long. Sheets will not be accepted if the test shows a tensile strength of \e& 
than 55,000 pounds, or greater than 65,000 pounds per square inch, nor if the elonga- 
tion falls below 20 per cent. 

Fire- Box Copper. — Copper plates for fire-boxes must be rolled from best quality 
Lake Superior ingots ; they must have a tensile strength of not less than 30,000 pounds 
per square inch, and an elongation of at least 20 per cent, in section originally 2 inches 
long. 

Stay- Bolt Iron. — Iron for stay-bolts must be double-refined, and show an ultima** 
tensile strength of at least 48,000 pounds per square inch, with a minimum elongation 
of 25 per cent, in a test section 8 inches long. Pieces 24 inches long must stand bend* 
ing double, both ways, without showing fracture or flaw. Iron must be rolled true to 
gauges furnished, and permit of cutting a clean, sharp thread. 

Copper Stay-Bolts. — Copper stay-bolts must be manufactured from the best L** e 
Superior ingots ; they must have an ultimate tensile strength of not less than 30,0°° 
pounds per square inch, and an elongation of at least 20 per cent, in section origin*^ 
2 inches long. 

The general practice of this company is to use iron rivets 01 
the quality required as above for stay-bolts. 
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2. Process of Riveting. — All parts of the boiler which can 
be reached by fixed or portable machines are riveted by hydraulic 
pressure. The latter for iron or steel rivets is : 
i^ in. diameter, ioo tons. 



I 
f 



75 
66 

5o 
33 
25 



For copper rivets, a pressure ranging from 25 to 33 tons — never 
exceeding the latter — is used. The driving head of the rivet is 
made the same in height as the diameter of the shank. 

3. Proportions of Joints. — Tables XLIII., XLIV., XLV., 
XLVI. give the size and arrangement of rivets for various thick- 
nesses of sheets in single- and double-riveted lap seams and quad- 
ruple- and sextuple-riveted butt joints, with double straps unequal 
in width. 

Table XLIII. 

Single- Riveted Longitudinal Seams. (For all Pressures.) For Outside 

Fire-Box Seams of Radial Stay Boilers. 

(Baldwin Locomotive Works.) 
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Table XLIV. 

Double-Riveted Seams. 
(Baldwin Locomotive Works.) 
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Table XLV. 

Quadruple Butt-Joint Seams with Welded Ends. 
(Baldwin Locomotive Works.) 
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Table XLVI. 

Sextuple Butt-Toint Seams with Welded Ends. 
(Baldwin Locomotive Works.) 
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Fig. 89. 



4. Location of Joints. — Fig. 89 gives a longitudinal section, 
0| nitting tubes and braces, of a Radial Stay, Wagon-top, locomo- 
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tive boiler, as built by this company. In Fig. 90 there is shown 
a transverse semi-section through the fire-box. The barrel is built 

of three courses of one sheet each, 
the thicknesses, beginning at the 
furnace tube-sheet, being ^ in., ^ 
in., and -J-j- in., respectively. The 
remaining shell sheet is -fa in. thick. 
The thicknesses of the tube-sheets, 
crown-sheet, and fire-box front and 
side-sheets are, respectively, ^ in., 
Z/i in., and -^ 6 in. The longitudinal 
and circumferential seams of the 
barrel are, respectively, quadruple- 
riveted butt (unequal straps) and 
double-riveted lap joints ; the re- 
maining seams are single-riveted lap 
joints. Since rivet-heads in the fur- 
nace are liable to be burned off, the 
rivets are counter-sunk in fire-box 
and side sheets for 36 ins. from the 
bottom upward. The proportions 
of the principal seams are given in 
the following list, the notation being 
that of the joint-tables previously 
given and the locations being num- 
Fig. 90. bered in Figs. 89 and 90. 
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51. Riveted Joints, Stationary Boilers. 

Cylindrical boilers for stationary service are usually of the ex- 
ternally fired type, the shell containing only the bracing and the 
tubes or flues. 

1. American Boiler Manufacturers' Association. — The 
following extracts from the Uniform American Boiler Specifications 
adopted in October, 1898, by this association are given through 
the courtesy of E. D. Meier, Esq., chairman of the committee 
which formulated these specifications. 

2. Steel. — Homogeneous steel made by the open hearth or crucible processes, 
and having the following qualities, is to be used in all boilers : 

Tensile Strength, Elongation, Chemical Tests. — Shell plates not exposed to the 
direct heat of the fire or gases of combustion, as in the external shells of internally fired 
boilers, may have from 65,000 to 70,000 pounds tensile strength ; elongation not less 
than 24 per cent in 8 inches ; phosphorus not over .035 per cent. ; sulphur not over 
.035 per cent. 

Shell plates in any way exposed to the direct heat of the fire or the gases of combus- 
tion, as in the external shells or heads of externally fired boilers, or plates on which any 
flanging is to be done, to have from 60,000 to 65,000 pounds tensile strength ; elonga- 
tion not less than 27 per cent, in 8 inches ; phosphorus not over .03 per cent. ; sulphur 
not over .025 per cent. 

Fire-box plates or such as are exposed to the direct heat of the fire, or flanged on the 
greater portion of their periphery, to have 55,000 to 62,000 pounds tensile strength ; 
elongation 30 per cent, in 8 inches ; phosphorus not over .03 per cent. ; sulphur not 
over .025 per cent. 

For all plates the elastic limit to be at least one half the ultimate strength ; per- 
centage of manganese and carbon left to the judgment of the steel maker. * * * 

3. Rivets to be of good charcoal iron, or of a soft, mild steel, having the same 
physical and chemical properties as the fire-box plates, and must test hot and cold by 
driving down on an anvil with the head in a die ; hy nicking and bending, by bending 
back on themselves cold, without developing cracks or flaws. * * * 

10. Riveting. — .Holes made perfectly true and fair by clean-cutting punches or 
drills. Sharp edges and burrs removed by slight countersinking and burr reaming 
before and after sheets are joined together. 

Under side of original rivet head must be flat, square and smooth. For rivets }£ inch 
to \\ inch diameter allow I %, diameters for length of stock to form the head, and less for 
larger rivets. Allow 5 per cent, more stock for driven head for button set or snap 
rivets. Use light regulation riveting hammers until rivet is well upset in the hole ; 
after that snap and heavy mauls. For machine riveting more stock to be left for driven 
head to make it equal to original head, as fixed by experiment. 

Total pressure on the die about 80 tons for i^j-inch to i^-inch rivets ; 65 tons for 
1 -inch ; 57 tons for ^J-inch ; 35 tons for 3^-inch rivets. 

Make heads of rivets equal in strength to shanks by making head at periphery of 
shank of a height equal to y£ diameter of shank and giving a slight fillet at this point 

Approximately, make rivet holes double thickness of thinnest plate ; pitch three times 
rivet hole ; pitch lines of staggered rows % pitch apart ; lap for single-riveting equal to 
pitch, for double-riveting i*^ pitch, and ]/ z pitch more for each additional row of 
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rivets ; exact dimensions determined by making resistance to shear of aggregate rivet 
section at least io per cent, greater than tensile strength of net or standing metal. 

11. Rivet Holes punched with good sharp punches and well-fitting dies in A. B. M. 
A. steel up to f£ inch thickness ; in thicker plates punch and ream with a fluted reamer, 
or drill the holes. 

12. Drift Pin to be used only with light hammers to pull plates into place and 
round up the hole, but never to enlarge or gouge holes with heavy hammers. * * * 

25. Rivet Seams when proportioned as prescribed in Section 10 with materials tested 
as per Sections 2 and 3 shall have 4^ as factor of safety ; when not so tested, but in- 
spection of materials indicates good quality, a factor of safety of 5 is to be taken, and at 
most 55,000 lbs. tensile strength assumed for the steel plate and 40,000 lbs. shear 
strength for the rivets, all figured on the actual net standing metal. 

2. The Hartford Steam Boiler Inspection and Insurance 
Co. — The following data refer to the practice of this company. 
The specifications for horizontal tubular steam boilers require that 
the material for shell plates and heads shall be Open Hearth Fire- 
box Steel and best Open Hearth Flange Steel, respectively ; that 
the longitudinal and girth seams shall be, respectively, of the butt- 
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joint type with double-covering strips and the single-riveted lap* 
joint type ; and that the rivet-holes shall be drilled in place, i. e., 
holes punched at least \ in. less than full size, then courses rolled 
up, covering plates and heads bolted to courses with all holes to- 
gether perfectly fair, rivet-holes drilled to full size, and finally 
plates taken apart and burrs removed. No rivets shall be driven 
in unfair holes ; such holes must be brought in line with a reamer 
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Tables XLVIL, XLVIIL, XLIX., L. and Figs. 91 and 92 give 
le proportions of longitudinal and circumferential or girth seams, 
he inner covering strap of the butt joints is wider than the outer. 








The inner row or rows of rivets have half the pitch of the outer 
row. The rivets of the latter pass through the plate and inner 
:overing strap only and are thus in single shear. The joints are 
proportioned for steel plates and iron rivets. The tensile strength 
of plates is taken as 60,000 lbs. per sq. in. of section and the 
shearing resistance of rivets (single shear) as 38,000 lbs. per sq. in. 
of section. The diameter of rivet holes is -^ in. greater than the 
diameter, d y of the rivets. The notation of the tables is : 

C= circumferential or girth seam ; 
L = longitudinal seam ; 
7= thickness of plate, ins. ; 
/ = thickness of outer butt-strap, ins. ; 
t x = thickness of inner butt-strap, ins. ; 
d= diameter of rivet, ins. ; 
/ = greatest pitch of rivets, ins. ; 
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V— distance between rivet-rows, staggered riveting, ins. ; 

V x = distance between outer and next row, staggered riveting, 
when alternate rivets are omitted in outer row, ins. ; 

E =s distance from centre of nearest rivet to edge of plate or 
strap, ins. ; 

A = total width of outer butt-strap, ins. ; 

B s= total width of inner butt-strap, ins. 



Table XLVII. 



Circumferential Seam, C, Single- Riveted Lap ; Longitudinal Seam, Z, 
Double- (Staggered) Riveted Lap. 

(Hartford Steam Boiler Insp. and Ins. Co.) 



Plate Thickness. 
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Table XLVIII. 



Circumferential Seam, C, Single-Riveted Lap; Longitudinal Seam, Z, 
Treble- (Staggered) Riveted Lap. 

(Hartford Steam Boiler Insp. and Ins. Co.) • 
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Table XLIX. 

Double- (Staggered) Riveted Butt Joints with Unequal Straps. Alter- 
nate Rivets Omitted in Outer Row. 
(Hartford Steam Boiler Insp. and Ins. Co.) 
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Treble- (Staggered) Riveted Butt Joints with Unequal Straps. Alter- 
nate Rivets Omitted in Outer Row. 







(Hartford Steam Boiler Insp. and 
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52. Riveted Joints, Structural Work. 

The tables and other data given in this section refer principally 
to the practice of the American Bridge Company. 

1. Rivet and Plate Metals. — General specifications for 
structural steel have been given in § 37. For steel railroad 
bridges this company requires : 

All steel to be made by Open Hearth process. Per cent, of phosphorus : Acid, .08; 
basic, .05. 



Grades. 


Rivet. 


Soft. 


Medium. 


Ult. strength, lbs. per sq. in. 
Elongation, per cent. 

Elastic limit. 
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48-58,000 

26 
\ ult. str. 


52-62,000 

25 
\ ult. str. 


60-70,000 
22 

\ ult. str. 



For rivet and soft steel, test-piece to bend 180 flat on itself; for medium steel, 180 
to a diameter equal to thickness of piece — in all cases without fracture on outside of 
bent portion. 

In general practice, field-rivets, i. e. t those driven in course of 
erection, are frequently of wrought iron, since its range of riveting 
temperature is less affected than that of steel by cooling and delay. 

2. Rivet Proportions. — The diameter ranges between $ in. 
and 1 in., the usual size being J in. or \ in. The smaller diame- 
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ters are used with thin and narrow flanges and the I in. size only 
when the thickness or stress requires it. Field-rivets should not 
be over | in., if possible. The selection of the diameter is, to some 
extent, a matter of judgment. 

The form of the head and paint is usually either spherical, coun- 
tersunk, or flattened to f in. thickness. Table LI. gives the pro- 
portions for spherical (button-head) and countersunk forms, the 
formulae being : 

Spherical. Countersunk. 

D = f d + £", Angle of sides = 6o°, 

/f=o. 4 25A H=\d, 

in which d = diameter of shank, D = diameter of head or point, 
H = height of spherical or depth of countersunk head or point. 

Table LI. 

Proportions of Rivet-Heads. 

(American Bridge Co.) 
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The conventional Rivet-signs used to mark on the drawing the 
character of the head and point are shown in Fig. 93. To save 
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Fig. 93. 

time in construction, but one size of rivet is used throughout each 
piece, as a plate girder, and the diameter of the rivet-holes is noted 
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on the drawing. The heads of countersunk rivets project usually 
about ^ in. If they are required to be flush, they must be chipped. 
The length of rivet-shank required for a given joint is equal to 
the " grip " plus the metal required to fill the hole and form the 
point. The grip is the aggregate thickness of the connected 
plates plus an allowance for irregularity, of -fa in. for each place 
where two plate-surfaces meet. The diameter of the rivet-holes 
is ^g in. greater than that of the rivets. For any given grip, 
the length of shank and weight of spherical (button) head steel 
rivets may be found from the following data : 





Weight 


in Pounds. 
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Shank, per in. of length. 
Two rivet-heads. 


.031 
.037 


.056 
.116 


.087 
.222 


.125 
.273 


.170 
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.223 
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3. The Spacing of Rivets is determined mainly by the re- 
quired strength at any given point, tightness, as in pressure joints, 
not being essential. The conditions previously given for the lat- 
ter, as to plate-rupture and room for the die, hold with regard to 
the minimum margin and pitch. The maximum pitch in a compres- 
sion member is fixed by the consideration that the plate in a pitch 
section is practically a column. In general, also, the maximum 
pitch must not be so great as to permit the entrance of moisture 
which would rust and burst the joint. The rivets in the ends of a 
compression member carry the full load on the member and are 
spaced with this consideration in view. The specifications of this 
company as to pitch and margin are : 

The pitch of rivets, in the direction of the strain, shall never exceed 6 inches, nor 
16 times the thickness of the thinnest outside plate connected, and not more than 40 
times that thickness at right angles to the strain. 

At the ends of compression members, the pitch shall not exceed 4 diameters of the 
rivet for a length equal to twice the width of the member. 

The distance from the edge of any piece to the centre of a rivet-hole must not be 
less than 1.5 times the diameter of the rivet nor exceed 8 times the thickness of the 
plate; and the distance between centres of rivet-holes shall not be less than 3 diame- 
ters of the rivet 

In structural work, the pitch of the rivets may vary between the 
minimum limit, fixed by the possible cracking of the plate in punch- 
ing or riveting and the clearance for tools, and the maximum limit 
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(6"), determined by the union of the parts so that they shall be 
stressed as a whole and also by the necessity for excluding mois- 
ture. Table LII. gives various pitches for double staggered 
riveting and for the staggered spacing of two rows of rivets in the 
two legs of an angle. 

Table LII. 
Staggering of Rivets. (American Bridge Co.) 
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Note : Values below or to right of upper zigzag lines are large enough for J rivets. 
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The rivet-spacing for various angles is given by Table LI II. for 
both longitudinal and transverse pitches. In a " crimped angle," 
as shown in Fig. 94, the distance, 6, should be 1 J in. plus twice 
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the thickness of chord angles, but never less than 2 in. The clear- 
ance required for |-in. and J-in. rivets is shown by Fig. 95. 





Table LIII. 
Rivet Spacing in Angles. (American Bridge Co.) 
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4. Punching and Riveting. — The specifications of this com- 
pany for steel railroad bridges are : 

AH riveted work shall be punched accurately with holes -^ in. larger than the size 
of the rivet, and, when the pieces forming one built member are put together, the holes 



224 MACHINE DESIGN. 

must be truly opposite. No drifting to distort the metal will be allowed ; if the hole 
must be enlarged to admit the rivet, it must be reamed. 

All holes for field-rivets, excepting those in connections for lateral and sway bracing, 
shall be accurately drilled to an iron templet or reamed while the connecting parts are 
temporarily put together. 

In medium steel over J in. thick, all sheared edges shall be planed and all holes 
shall be drilled or reamed to a diameter \ in. larger than the punched holes, so as to 
' remove all the sheared surface of the metal. 

The rivet-heads must be of approved hemispherical shape and of a uniform size for 
the same size rivets throughout the work. They must be full and neatly finished 
throughout the work and concentric with the rivet-hole. 

All rivets when driven must completely fill the holes, the heads be in full contact 
with the surface or countersunk when so required. 

Wherever possible, all rivets shall be machine-driven. Power-riveters shall be 
direct-acting machines, worked by steam, hydraulic pressure, or compressed air. 

5. Stresses in Riveted Members. — The built-up members 
of framed structures are made of rolled shapes of various forms, 
plates, angles, etc., joined by rivets which distribute and transfer 
the stress developed by the load. Rivets should be subjected to 
shearing and bearing stresses only. The connected parts resist 
shear, tension, compression, or compound stress, as their location 
with respect to the load determines. 

Working Stresses. — The greatest permissible working stresses 
for the parts of a member vary with the location of the part and 
the character of its load. For wrought iron, general values in lbs. 
per sq. in. are : in tension, 7,500 ; in shear, 6,000. For steel, the 
tensile stress ranges from 10,000 to 17,000 and the shearing 
stress from 6,000 to 11,000. For compression members, the per- 
missible stresses are those for tension, modified by the relation 
between the length and least radius of gyration of the section. 
One formula of this nature is quoted below. 

The shearing resistance in lbs. per sq. in. of cross-section for 
rivets in single shear is : iron, 6,000 to 7,500 ; steel, 7,500 to 12,- 
000. Corresponding values of the bearing pressure are : iron, 
12,000 to 1 5,000 ; steel, 1 5,000 to 24,000 lbs. per sq. in. upon the 
projected area equal to diameter of rivet-hole x thickness of plate. 
For field-riveting, the number of rivets as calculated is increased 
by 10 to 50 per cent., as a margin for defective work. Table LIV. 
gives the shearing and bearing values of rivets for resistances of 
11,000 lbs. (single shear) and 22,000 lbs. per sq. in, respec- 
tively. 
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The following extracts from specifications refer to the require- 
ments of this company as to working stresses in steel railroad 
bridges : 

AH parts of the structure shall be so proportioned that the sum of the maximum 
loads, together with the impact, shall not cause the tensile strain to exceed : on soft 
steel, 15,000 lbs. per sq. in.; on medium steel, 17,000 lbs. per sq. in. 

* * * For compression members, these permissible strains of 15,000 and 17,000 
lbs. per sq. inch shall be reduced in proportion to the ratio of the length to the least 
radius of gyration of the section by the following formulae : 



For soft steel, / = - 



15,000 



1 + 



/* 



i3,5ooH 



For medium steel, / = - 



17,000 



1 + 



(I*) 



(129) 



iijOOoH 



where / = permissible working strain per sq. in. in compression ; /= length of piece 
in inches, centre to centre of connection ; r = least radius of gyration of the section in 
inches. 

* * * The shearing strain on rivets, bolts, or pins per sq. in. of section shall not 
exceed 11,000 lbs. for soft steel and 12,000 lbs. for medium steel ; and the pressure 
upon the bearing surface of the projected semi-intrados (diameter X thickness) of the 
rivet, bolt, or pin hole shall not exceed 22,000 lbs. per sq. in. for soft steel and 24,00° 
lbs. for medium steel. In field-riveting, the number of rivets thus found shall be &' 
creased 25 per cent., if driven by hand, but 10 per cent, if driven by power. 

* * * The shearing strain in web-plates shall not exceed 9,000 lbs. per sq. in. V* 
soft steel and 10,000 lbs. per sq. in. for medium steel ; but no web plate shall be l* 58 
than ^ in. in thickness. 

1 . . . £_ 




Fig. 96. 

6. Distribution of Stresses. — The character and distribution 
of the stresses in a member depend upon the function of the latter. 
The Plate-Girder is a fairly comprehensive example of the prin- 
ciples of design in riveted structural work. As shown in Fig. <# 
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it consists essentially of a web-plate, W, and four angles, L, ex- 
tending from end to end. To these may be added, at top and 
bottom, a flange-plate, C, of partial or full length, and, if required, 
one or more flange-plates, C v traversing the section in which the 
magnitude of the bending moment makes necessary the additional 
flange-area. These plates are all of the same width, which is that 
of the girder. The upper and lower flanges are similar, excepting 
that one plate of the latter is usually thicker to make up for the 
loss in net plate-section due to rivet-holes. The parts are joined 
by rows of rivets, r, passing through web and angles and rows, r v 
through angles and flange-plates. As a rule, these are single 
rows. The method of design is indicated briefly below.* 

Length, Width, Depth. — The length, /, is the distance between 
the centres of the end-bearings. Since the upper flange is in com- 
pression, it may buckle if weak. Hence, if the unsupported length 
°f the girder exceeds 16 to 20 times its width, b, the girder should 
he given lateral support. The depth, h, is the distance between 
the centres of gravity of the cross-sections of the flanges, each of 
the latter being made up of two angles and the attached flange- 
Pfetes. The effective depth may be taken, without material error, 
38 that of the web-plate. To avoid excessive deflection, the least 
de pth should be ^ to ^ of the span. For the economical depth, 
w *th regard to weight, Mr. C. W. Bryan, C.E., gives the follow- 
"^ formulae :f 
Mo 



fleeting moment of resistance of web to bending : 



x=i.27 ^^; (130) 



Considering moment of resistance of web to bending : 



x = 1.46^^; (131) 

in which, 

x = depth of girder, ins. ; 

m= centre-moment, inch-lbs., from dead and live loads ; 

f= allowable fibre-stress on flanges, lbs. per sq. in. ; 

t = thickness of web, ins. 

* For detailed investigation, see Burr: " Elasticity and Resistance," etc., 1897, P» 
578 ; Johnson, Bryan, Turneaure : "Modern Framed Structures," 1901, p. 292. 
f" Modern Framed Structures," 1901, p. 299. 
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Moments, Vertical Shear, Flange-stress. — The external forces 
acting on the girder are the loads and the reactions at the sup- 
ports. These are transmitted directly to the web by vertical 
angles, D, riveted to the web at the supports and under concen- 
trated loads and by the rivets, r, of the compression flange. The 
vertical shear produced in the web by the loads acts upon the 
rivets, r, of both flanges with a leverage equal to the pitch of the 
rivets, and thus develops bending stress in the flanges. Since 
the parts are so bound together that the girder bends as a whole, 
bending stress, in addition to shear, acts in the web. Two methods 
of design are used : Either to assume that the web is subjected 
to vertical shear only and proportion the flanges for the full bend- 
ing stress ; or — and correctly — to allow for the resistance to 
bending of the web and design the flange-area for the remainder 
of the load. 

Let A be the sectional area of the angles and plates {web not 

included) forming one flange at any given point in the girder and 

5 the mean unit working stress over that area. Then, A x S is the 

h 
total load or horizontal bending stress on the flange and A-S x - - 

resisting moment of this stress about the neutral axis of the girder. 
Assuming A and S as the same for both flanges and neglecting 
the bending stress on the web> the external bending moment at 
the given point = resisting moment of girder at that point ; or, 



M=2(A.S.^\=A.S.h.\ (132) 



Flange-stress = A.S. = -r ; (i33) 



M 
Flange -area = A = j~o • ( 1 34) 

The web-section is that of a rectangular beam of depth, k, and 
breadth equal to the thickness, t. Hence, its resistance to bend- 
er ±ifi 
ing is ' To allow for the reduced section due to vertical 
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rows of rivet-holes the 6 is replaced by 8. Hence, considering 
the resistance of the web to bending stress : 

M=A.s(A + '£y, (13s) 

* <* M S.t.h , _ 

Flange-stress = AS = -j — ; (1 36) 

uj . M t.h 

Flange-area = A = -^ — — • (137) 

For steel girders in buildings, the usual unit flange-stress, S, is 
1 5)000 lbs. per sq. in. and the unit shearing-stress, S t , on the web 
ls 7,000 to 1 1,000 lbs. per sq. in. 

Flange-area, Angles, Flange- plates. — The required flange- 

ar ea at any given point in the girder may be found from (134) or 

( r 37). The area found thus, serves for the compression flange 

w Wch is assumed as not weakened by the rivet-holes, since the rivets 

should about fill the latter. The resistance of plates and angles 

ln the tension flange is that of their net section. The two rivet- 

rov ^s, r v are opposite each other ; but r x is staggered with regard 

K Hence, the net section of a cover or flange-plate is (b — 2d) 

* thickness and the net area of an angle = gross area — d x 

Sickness. The diameter, d, is that of the rivet plus | in., to allow 

0r enlarged hole and effects of punching. The increased area 

re q\rired in the tension flange is added by thickening one of 

, ^e flange-plates or by calculating for the tension-flange and mak- 

m S the area of both flanges the same. The flange-area may be 

c ^lculated for different points in the girder or it may be found 

^^.phically as shown in Fig. g6a, which is the bending moment 

l ^gram for a concentrated load at the centre of the girder. The 

^^.ximum bending moment, M, should be equal to the sum of the 

l ^ dividual resisting moments R.L f R.C, R.C V of the angles, Z, and 

**^ flange-plates, C and C v i. e. t on the same scale, M= R.L + 

^« C+ R.C V Hence, at a, the full section will be required ; at c, 

^Hat of L and C\ and at e that of L only. These theoretical lengths 

°f flange-plates are increased somewhat, as will be shown later. 

*n general, not less than 50 per cent, of the maximum flange-area 

should be in the angles, since the thinner the flange-plates, the 
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ters are used with thin and narrow flanges and the I in. size only 
when the thickness or stress requires it. Field-rivets should not 
be over J in., if possible. The selection of the diameter is, to some 
extent, a matter of judgment. 

The form of the head and point is usually either spherical, coun- 
tersunk, or flattened to f in. thickness. Table LI. gives the pro- 
portions for spherical (button-head) and countersunk forms, the 
formulae being : 

Spherical. Countersunk. 

D = \d + y, Angle of sides = 6o°, 

#=0.425/?, H=\d, 

in which d = diameter of shank, D = diameter of head or point, 
H =5 height of spherical or depth of countersunk head or point. 

Table LI. 

Proportions of Rivet-Heads. 

(American Bridge Co.) 



Shank. 


Spherical Heads. 


Countersunk Heads. 


Diam. 


Diam. 


Height. 


Diam. 


Height. 


fin. 
i 

I 


:t 

if 




if- 


t 

i 



The conventional Rivet-signs used to mark on the drawing the 
character of the head and point are shown in Fig. 93. To save 
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Fig. 93. 

time in construction, but one size of rivet is used throughout each 
piece, as a plate girder, and the diameter of the rivet-holes is noted 
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the rivets on the angles. In compression, one plate is better 
than two of the same aggregate thickness. To increase the re- 
sistance to buckling, the plates of the compression flange may be 
made the full length of the girder. Since the stress is transmitted 
to the plates by the flange rivets, r v the width of the plates outside 
of those rows is limited by the necessity for an approximately uni- 
form distribution of stress. 

Web-plate, Stiffeners. — The thickness of the web-plate, W, must 
be such as to provide for the maximum vertical shear at the sup- 
ports and to give sufficient bearing area for the rivets joining the 
web and angles without making the pitch of the rivets smaller than 
the minimum allowable. The minimum thickness of web is £ in. 
for light work. In railway bridges, no web less than f in. thick 
should be used. 

The load on the web not only produces vertical shear and bend- 
ing stress but also tends to make the plate yield vertically by 
buckling. The latter is prevented by pairs of vertical angles or 
stiffeners, B, riveted to the web. If the thickness of the latter is 
less than jfo of its depth, the stiffeners are placed at intervals not 
greater than the depth of the girder throughout the length of the 
latter, with a maximum spacing of 5 ft. Angles for stiffening solely 
may be made very light. They should bear against both upper 
and lower flange angles and the web, being bent inward to the lat- 
ter or left straight and a filling piece interposed. 

At the supports and under concentrated loads, as at Z>, the stiff- 
eners have the further function of transferring the external loads 
P to the web-plate. The rivets passing through them should have 
a strength sufficient for this. Hence, in addition to the fitting and 
1 bearing as above, these transferring stiffeners should be broad 
t enough to give space for the rivets and thick enough to prevent 
' the pressure on the rivets and of the stiffener on the lower flange- 
I angle from exceeding the allowable bearing stress. 

Riveting. — The rivets r, and r v are in double and single shear 
respectively and both are under bearing pressure which must be 
computed for the least bearing surface in either direction of stress. 
The strength, s, of a rivet is its least resistance under either of the 
two stresses to which it is subjected. The vertical shear in the 
w eb acts through the rivets, r, on the flanges, bending the latter. 
Considering only bending stress, the required number of the rivets, 
^| r > depends upon their diameter and the magnitude of the bending 
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less their leverage through the rivets on the angles, both vertically 
and with regard to the centre of gravity of the latter. 

The sectional areas of various angles are given in Table LV. 
The centre of gravity of a given flange-area should be as far as 
possible from the neutral axis of the girder in order to give the 
maximum resisting moment to bending and the maximum breadth 
of the area should be as great as the conditions permit in order to 
strengthen the girder against buckling or lateral yielding. Hence, 
the angles should have unequal legs with the longer horizontal. 
The thickness of the angle should be, approximately, that of the 
web-plate. 

Table LV. 

Angles: Sectional Areas (sq. ins.). 
(American Bridge Co.) 



7-ooi 7.531 n- ao \ 

547 
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moment. Let M e be the bending moment on the tension flange at 
E. The flange-stress A e .S divided by the strength, s, will give 
the number of rivets for M t from E to either support. Again, 
the increase of moment between is and Fis M f — M e and the in- 
crease of flange-stress is S{A f — A e ). The latter divided by s gives 
the number of rivets to be added between E and F y the total num- 
ber thus far being that on either side of F for the moment M Jt 
In general, the number, N y of rivets required on each side for a 
moment, M 9 is : 

N- d£ (.38) 

Again, from the relation between the bending moment and the 
vertical shear, V, we have, for an elementary length, dx : 

F=^.'. V X dx=dM, 
dx 

i. e., the vertical shear at the left of dx acts with a leverage dxto 
produce the increment of moment, dM. Let the length of the 
section be the pitch, p y between two rivets, a at the left and b at 
the right. Then, if M a , A a , M w and A b be the respective moments 
and flange -areas, we have, neglecting resistance to bending of web: 

Vxp = M b -M a =&[A h S-A a S]=ks; 

P=-£, 039) 

since the rivet, b, must resist the increment of flange-stress 
required in the distance, /. 

In the upper or compression flange, in addition to the horizon- 
tal bending-stress, the rivets, r, are subjected to vertical stress fro** 
the loads transmitted by them to the web. These loads are : the 
weight of the girder, the uniform load if any, and any concen- 
trated load which is not provided for fully by transmitting angles, 
D. Let w be the sum of these loads per inch of length of gtf" 
der at the section considered. Then / x w will be the vertical 
load upon the pitch section and on one rivet. From (139)^ 

Vp 
horizontal load due to any pitch, /, is -,-- . The final stress upo* 

the rivet will be the resultant of these two loads which are normal 
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to each other and this resultant must not exceed the strength, s, 
of the rivet. Hence, neglecting resistance to bending of web : 

V 2 fi % 
s 2 = - A f-+/W; 



p= sJt \ v *-hM* (I40) 

/ and h being expressed in inches and s, V, and w in lbs. 

From (139) and (140) the pitches in both flanges of rivets, r, 
niay be obtained. If the bending resistance of the web be con- 
sidered, equations (139) and (140) must be modified in accordance 
with the terms of (136). The shear is greatest and the pitch least 
*t the supports, both varying in some degree at every section. In 
Practice, the minimum pitch required is generally preserved until 
the maximum (6 in.) can be used. The number of rivets in the 
tension flange will be less than that in the upper angle, but, for con- 
structive reasons, rivets inserted below should be in line vertically 
. ^lth* those above. When the moment of resistance of the web 
to bending is considered, the pitch formulae should be changed to 
lr *clude this factor. 

The pitch of the rivets, r v joining the flange-plates to the angles 
,s 6 in. excepting at the ends of the plates. The latter are ex- 
tended beyond the theoretical limits sufficiently to provide space 
^°r enough rivets in the two rows to carry the load on the plate 
111 each case, the pitch of these rivets being 4 diameters. Thus, 
theoretically, the plate, C 9 ends at e. The load on this plate is ap- 
proximately the product of its net cross-section and the working 
stress. Dividing this load by the strength of one rivet, we have 
the total number of rivets in both rows to be driven between e and 
the end, e v of the plate. 

The following extracts from the specifications of this company 
for steel railroad bridges cover the points discussed above : 

" Girders shall be proportioned on the assumption that \ of the gross area of the web 
is available as flange-area. The compressed flange shall have the same sectional area as 
the tension flange ; but the unsupported length of flange shall not exceed 16 times its width. 

" In calculating shearing strains and bearing strains on web rivets of plate -girders, the 
whole of the shear acting on the side next the abutment is to be considered as being 
transferred into the flange angles in a distance equal to the depth of the girder. 

"The web shall have stiffeners riveted on both sides, with a close bearing against 
upper and lower flange angles, at the ends and inner edges of bearing plates and at all 

♦"Modern Framed Structures," 1901, p. 306. 
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points of local and concentrated loads ; and also when the thickness of the web is less 
than 3^ of the unsupported distance between flange-angles, at points throughout the 
length of the girder generally not farther apart than the depth of the full web-plate, 
with a maximum limit of 5 ft. 

<<* * * All joints in riveted work, whether in tension or compression members must 
be fully spliced. 

tt * * * Web-plates of girders must be spliced at all joints by a plate on each side of 
the web, not less than } in. thick, capable of transmitting the full strain through splice 
rivets. 

" The flange-plates of all girders must be limited in width so as not to extend beyond 
the outer lines of rivets connecting them with the angles more than 5 in. or more than 
8 times the thickness of the first plate. Where two or more plates are used on the 
flanges, they shall either be of equal thickness or shall decrease in thickness outward 
from the angles." 

Table LVI. 

Riveted vs. Bolted Joints. 

(Lap Joints.) 



T 
i. 



/re 



O G- 



J t 



-*=ff 



t!> <i> 



33/ 



tTT 



Joints A. 
Joints B. 


Double Riveted. 


Treble Riveted. 


Quadruple Riveted. 
Quadruple Bolted. 


Double Bolted. 


Treble Bolted. 


Rivets or bolts, Diam. 


v 


r 


i" 


" " " No. 


2 


3 


4 


" " " Pitch. 


3" 


3" 


3" 


Plates, width. 


2>\" 


el// 


7" 


" thickness. 


¥' 


V 


" lap. 


7" 


lo" 


13" 


" tensile stress per sq. in. 








at failure for : 








Iron rivets. 


26,120 lbs. 


24,310 lbs. 


26,450 lbs. 


Steel rivets. 


26,990 " 


29,590 " 


28,820 " 


Iron bolts. 


18,690 " 


18,090 " 


20,470 " 


Steel bolts. 


21,110 " 


21,460 " 


22,060 *' 



Failure, in all cases, by shearing rivets or bolts. 

7. Bolts. — For facility in erection or in cases where a rivet 
would be in tension, bolts are used as permanent fastenings in some 
parts of structural work. For full strength they require to be 
finished and fitted accurately in drilled holes. Tables LVI. and 
LVII. give comparative tests — made for the Berlin Iron Bridge 
Co. at the Watertown Arsenal in 1 896 — of riveted and bolted 
single- and double-shear joints with punched holes. The plates 
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were of steel ; diameter of punch, ^| in., of die, £ in. ; chain-rivet- 
ing, the " pitch " in the tables being the distance between the 
rows. The test-piece consisted of a section of the joint contain- 
ing one rivet in each row. The joints were similar throughout, 
excepting that the rivets in A and C were replaced in B and D by 
through bolts and nuts. 

Table LVII. 

Riveted vs. Bolted Joints. 
(One Web and Two Cover-Plates.) 







r-~? -* i 


t 

JL 




i 1' 
O G— I 4 
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itt 
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Joints C. 
Joints Z>. 


Doable Riveted. 
Double Bolted. 


Treble Riveted. 
Treble Bolted. 


Quadruple Riveted. 
Quadruple Bolted. 


Rivets or bolts, Diam. 


\" 


i" 


i" 


«« «« « No. 


2 


3 


4 


«« " " Pitch. 


3" 


3" 


3" 


Plates, width. 
«« thickness. 


4" 
} and *" 


6" 
J and |" 


8" 
J and f " 


«« lap. 

«« tensile stress. 


7" 


10" 


13" 


(web) per sq. in. at 
failure for : 








Iron rivets. 


29,670 lbs. • 


28,520 lbs. 


28,470 lbs. 


Steel " 
Iron bolts. 


29»540 " 
18,000 " 


31,040 " 
17,720 " 


28,970 " 
18,990 " 


Steel " 

Manner of failure for : 


20,050 " 


25,010 " 


23,440 " 


Iron rivets. 


Sheared rivets. 


Sheared rivets. 


Sheared rivets. 


Steel " 


Fractured web plate. 


<< n 


Fractured covers 


Iron bolts. 


Sheared bolts, both 
planes. 


" bolts. 


through rivet holes. 
Sheared bolts. 


Steel " 


Sheared bolts, one 
plane. 


n n 


tt it 



53. Riveted Joints, Hull Plating. 

The hull of a ship is essentially a girder constructed to bear 
a given maximum load with various modes of support. Hence 
the principles which govern the design of structural work in 
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general apply to the proportion and connection of the members of 
hull -framing. In the joints of the outside plating and those 
of the double bottom, bulkheads, etc., there is the further re- 
quirement of tightness against water-pressure. Since the lat- 
ter is, in any event, but moderate, these joints hold an interme- 
diate position, with respect to tightness, between those of general 
structural work and the seams of steam boilers. 

In outside plating, the longitudinal seams are lapped except 
where flush work is required. The transverse seams are butt 
joints with single straps. Rivet-points are countersunk and 
chipped and all seams are calked. The riveting is done either by 
hand-work, or by portable hydraulic or pneumatic machines car- 
ried on a gantry which spans the ship, or by the pneumatic rivet- 
ing hammer which, with its frame and pneumatic rt holder-on," 
forms a readily portable combination operated by two men. The 
latter method for hull-riveting is meeting wide adoption in the 
United States. With regard to its cost and results as compared 
with hand-work, Edwin S. Cramp, Esq., Vice President of the 
William Cramp and Sons Ship and Engine Building Co., says : 

" We have found that the use of these tools results in an increase of operating expenses 
and a decrease in labor-charges, with a net saving of about ten per cent, over the cost 
of Hand-riveting. The quality of the work done and the speed with which it is done 
are increased to a great extent." 

Rivets are usually of steel. Up to $ in. diameter they should 
be riveted cold, since the rivet-blank of small size not only cools 
very quickly but, proportionately, wastes much more rapidly by 
oxidation and scaling. For cold-riveting, the steel should be soft 
and ductile as the harder metal of higher tensile strength becomes 
brittle and untrustworthy when thus worked!. The countersunk 
points used in shell plating, while more costly and giving a re- 
duced net section of plate, have two great advantages : Their use 
removes much of the metal injured in punching the holes and they 
add no weight to that of the full plate, since they are chipped flush. 
Weight-saving without reduction of strength is a matter of impor- 
tance in ships, especially in men-of-war, since useless weight is 
but so much unprofitable load to be transported during the life of 
the ship. Rivets form a very considerable proportion of the total 
weight of the hull. Naval Constructor J. H. Linnard, U. S. Navy, 
gives,* for the U. S. Armored Cruiser Brooklyn (9,270 tons), the 

* Trans. Soc. Naval Architects and Marine Engineers, Vol. IV. 
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otal weight of rivets driven as upward of 3^0^000 lbs., of which 
veight from ^ to |- is in the rivet-heads and points. The rivet 
)lank will have a better fit in punched holes which are not counter- 
sunk, if coned under the head as shown in Fig. 97. 



GruntorsunJt orPiug JSfoads. 
Class A. ClassjR 



AnfTeaJ. 
Class A. Class B. 








JfoUem, BecuL. Button or Snap Point UamtneredThint. 
Class A Cl»s»M 




Jajo ffrret*. 



7entplate/or Cjuntonsink 



Fig. 97. 



I. U. S. Naval Practice. — The following extracts, relating to 
^11-riveting in general, are taken from the Specifications (1899) 
f the Bureau of Construction and Repair, U. S. Navy. 

Plate and Rivet Metals : 



Ship Plates and Shapes. 

26. Kind of Material.— -Plates and shapes shall be of steel or nickel steel, made 
*7 the open hearth process, and must not show more than six one-hundredths (.06) ol 
**e per cent, of phosphorus, nor more than four one-hundredths (.04) of one per cent. 
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of sulphur for acid steel; and not more than four one- hundredths (.04) of one per 
cent, of phosphorus, nor more than four one-hundredths (.04) of one per cent, of sul- 
phur for basic steel. The material shall be of the best composition in all other respects. 

At the option of the manufacturer the material may be annealed. 

The material will be classified in three standard grades according to its characteris- 
tics and the purposes for which intended. These grades will be known as ( 1 ) soft or 
flange steel, (2) medium steel and (3) hard steel. 

The following are the minimum requirements of each grade of steel : 



Grade. 



Soft or flange 

steel. 
Medium steel. 



Hard steel. 



Tensile Strength. 



50,000 lbs. 
60,000 lbs. 



75,000 lbs. 



Elongation. 



30 per cent. 
25 per cent. 



18 per cent. 



Cold Bend. 



180 flat. 

For plates below 
\ inch in thick 
ness: 180 flat 
for longitudinal ; 
180 to diameter 
of I thickness for 
transverse. For 
plates above f 
inch in thickness, 
the bends will be 
180 to a diame 
ter of I thickness 
for longitudinal, 
and 2 thicknesses 
for transverse 
specimens. 



1 8o° to a diameter 
of 1 J thicknesses 
for longitudinal ; 
1 8o° to a diameter 
of 3 thicknesses 
for transverse. 



Quench Bend. 



180 flat. 

For plates below f 
inch in thickness; 
180 to diameter 
of I J thicknesses 
for longitudinal ; 
180 to diameter 
of 2J thicknesses 
for transverse. 
For plates above 
f inch in thick- 
ness, the bends 
will be 180 to a 
diameter of 1} 
thicknesses for 
longitudinal, and 
2 J thicknesses for 
transverse speci- 
mens. 
No quench bend. 



Protective Deck Plating. 

38. The lower courses of plating for the protective deck will be of steel of the quali- 
ties of ship plate, and shall be inspected accordingly. 

39. The upper course of plating of protective deck shall be of nickel steel, contain- 
ing about three and a quarter (3^) P er cent * °f nickel, not more than six one-hun- 
dredths (.06) of 1 per cent, of phosphorus, nor more than four one-hundredths (.04) 
of 1 per cent, of sulphur, and be of the best composition in all other respects. All 
these plates shall be oil- or water-tempered and annealed. 

All rivets are of steel whose characteristics are : 



Hull Rivets. 
43. Kind of Material. — Steel for hull rivets shall be made by the open-hearth 
process, and not show more than five one-hundredths (.05) of one per cent, of phos- 
phorus, nor more than four one-hundredths (.04) of one per cent of sulphur, and be 
of the best composition in other respects. 
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44. A whole heat or part thereof may be rolled into rivet rods, and from each size 
rolled six (6) tensile tests shall be taken at random, each from a different bar as finished 
at the rolls. When lots smaller than five tons are rolled, one test piece shall be taken 
from each size for every ton or fraction thereof. 

45. Rods from which rivets are to be made of a diameter of one half (£) inch or less 
shall be tested in the diameter of the finished rivet. These rods shall show a tensile 
strength of not less than 58,000 pounds per square inch and an elongation of not less 
than 28 per cent. 

46. Rods from which rivets are to be made of a diameter above one half (£) inch 
shall be tested with specimens of the same diameter as the finished rivet, when practic- 
able, and shall show the same tensile strength as the smaller rivets and an elongation 
of not less than 29 per cent. Specimens from these rods shall be of the maximum cross 
section within the capacity of the testing machine. 

47. From each lot of rivets kegged and ready for shipment there shall be taken at 
r andom six (6) rivets, to be tested as follows : 

( a ) Three rivets to be flattened out cold under the hammer to a thickness of one 
half ( \) the diameter of the part flattened, without showing cracks or flaws. Rivets of 
o y er an inch in diameter shall be flattened to three fourths (£) of the original diameter. 
(£) Three rivets to be flattened out hot under the hammer to a thickness of at least 
°ne third (£) of the original diameter of the part flattened, the heat to be the ordinary 
driving heat. 

( c) From each heat of rivet rods as finished at the rolls four cold-bending tests shall 
°e taken, which shall be bent over flat on themselves without showing any cracks or 
flaws on the outer round. 

4-8. Inspection for Surface and Other Defects. — Rivets must be true to form, con- 
centric, and free from scale, fins, seams, and all other injurious or unsightly defects. 
Tap rivets will be milled under the head, if necessary to obtain accuracy. 

49- The style of rivet used will be determined by the Superintending Naval Con- 

stru ctor. As a general rule, countersunk heads will be used only where required by 

Mechanical or other special reasons. Wherever practicable, the pan-head rivet will be 

u sed, with countersunk points where flush work is required, button or snap points for 

ni shed appearance or where rivets are closed by power and hammered or mashed 

P°ints elsewhere. Where points are made with a snap-tool, or where riveting by 

P°Wer is employed, care will be taken that the points are properly centered. In these 

^ lSes > and also in the case of hammered points, the aim must be to have the point of 

r^equate strength, following as nearly as possible the dimensions of points given in 

abl e LVIII. Care must be taken that snap points are not reduced from the standard 

2es by grinding down tools that have been chipped or burred. All pan-head rivets 

. ot ^ss than ^ inch diameter for punched holes should be coned under head, as shown 

& 97> tne ru ^ e f° r punching from the faying surface of plate being carefully ob- 

rv ed. If, however, the practice of punching the holes small and reaming to size by 

^°^er be employed, the coning under head may be omitted. 

Proportions of Seams. — General proportions of plates, laps, 
s * r 9ps, rivets, and spacing are given in Table LVII, page 240. 

Proportions of Rivets. — The approved types of head and points 
° r torpedo-boats and ship work are given in Fig. 97, page 237, 
***d Table LVIII, page 241. 
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The diameters of rivets and rivet holes for torpedo-boat and ship 
work are given in : 

Table LIX. 



Diameter of Rivets. 





Diameter of 


Diameter of 


Weight of Plates. 


Corresponding .Corresponding 




Rivets. 


Rivet Holes. 


For Torpedo-Boat Work. 


Inches. 


Inches. 


Up to 3 pounds, exclusive. 


\ 


A 


3 pounds to 6 pounds, exclusive. 


A 


« 


6 pounds to 7j pounds, exclusive. 


f 


A 


7i pounds to 9 pounds, exclusive. 


• A 


\ 


9 pounds to 1 1 pounds, exclusive. 


i 


A 


II pounds to 13 pounds, exclusive. 


1 


H 


For Ship Work. 






Up to 3 pounds, exclusive. 


1 

4' 


A 


3 pounds to 6 pounds, exclusive. 


* 


A 


6 pounds, inclusive, to 8 pounds, exclusive. 


1 


T« 


8 pounds, inclusive, to 13 pounds, exclusive. 


H 


13 pounds, inclusive, to 20 pounds, exclusive. 


J 


tl 


20 pounds, inclusive, to 30 pounds, exclusive. 


30 pounds, inclusive, to 40 pounds, exclusive. 


I 


iA 


40 pounds, inclusive, to 5 1 pounds, exclusive. 


It 


iA 


51 pounds, and above. 


iJJ 



Note. — The sizes of flanges of angles to which plates are connected in torpedo-boat 
work may sometimes be such as to require a reduction in the size of the rivet to secure 
satisfactory workmanship. 

For connections between plates of different thicknesses and for 
tap-rivets, the requirements as to diameter are : 

11. In cases where rivets connect plates of different thicknesses, the size of rivet 
indicated for the greater thickness, with corresponding spacing, will be used where 
strength is required, and that indicated for the lesser thickness where water-tightness is 
a special consideration, always provided that the greater thickness is not more than 
double the lesser. 

Where tap rivets must be used they should be J inch larger than the corresponding 
ordinary rivets for the same thickness, excepting taps into heavy forgings or castings, 
such as stem and stern posts, which should be J inch larger. Where strength is re- 
quired tap rivets must not penetrate less than I diameter, and should penetrate I \ diam- 
eters when the thickness of metal will allow it. 

The following extract and Table LX. refer to the length of 
rivet necessary to form the point : 

19. Special care will be taken in riveting that rivets used are of sufficient length to 
insure a proper point, the aim being to have the rivet a trifle long, if anything. Such 
cutting as is necessary should be done while the rivet is still a dull red, and the point 
finished after further cooling. Allowances for length over the thicknesses connected 
are given in Table LX., de/ow, the allowance being for two thicknesses only. An 
additional allowance of fa should be added to that given for each additional thickness 
connected, unless the additional thickness is less than fa inch, when fa inch additional 
allowance should be sufficient. The allowances given in the table are based upon the 
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employment of hand riveting, and are not sufficient in the case of power riveting, for 
which an added allowance — about J inch — should be made in each case. This 
table must be used judiciously and not absolutely depended upon. 



Table LX. 

Allowance in Length of Rivets for Points. 



Diameter of rivet. 


In. 
i 


In. 

i 


In. 
\ 


In. 


In. 
1 


In. 

i 


In. 
I 


Ins. 


Ins. 




Allowance for point, over 2 thicknesses connected. 


Type of point : 
Countersunk. 
Hammered. 
Button. 


In. 

t 


I*. 

A 


In. 

\ 
\ 
\ 


In. 

\ 
k 
1 


In. 
} 

1 


In. 


In. 


In. 

I 
I 


In*. 



The allowances given above apply only to rivets which fit the holes neatly, as here- 
inbefore described. 

Laps and Straps. — The required thickness of single and 
double butt straps is given in the following extracts and the 
breadth of laps and straps in Table LXI. 



Table LXI. 

Breadth of Laps and Straps. 



Breadth 
Breadth 



Breadth of laps for single riveting. 
Breadth of laps for double chain riveting. 
Breadth of laps for double zigzag riveting. 

of double-riveted butt laps. 

of laps for treble riveting. 

of treble-riveted butt laps in outside plating. 

of edge strip for single riveting. 

of edge strip for double riveting. 

of butt strap for double riveting. 

of butt strap for treble riveting. 

of double butt strap, double-riveted. 

of double butt strap, treble-riveted. 



Breadth 
Breadth 
Breadth 
Breadth 



Diameters. 



Single Straps. 

16. Single butt straps and edge strips, when single- or double-riveted, should be of 
"* e same thickness as the plates connected, and where the plates connected are of 
different thickness they should be of the same thickness as the lighter plate. Single 
butt straps, when treble-riveted, should be i| times the thickness of plates which 
toey connect. 

Double Butt Straps. 

17. Double butt straps should not be used for water-tight work, owing to difficulty 
ln calking. They may be used to advantage, however, in connections requiring great 
strength, but not water-tightness. The thickness of each strap should be one half the 
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thickness of plates connected for double-riveted straps and five eighths the thickness for 
treble-riveted straps. * * * For double butt straps the size of rivet to be used 
should be as follows : 

For plates from 15 to 20 pounds, exclusive, {-inch rivets. 

For plates from 20 to 25 pounds, inclusive, }-inch rivets. 

For plates above 25 pounds, as per Table LIX. 

Since double butt straps are, as a rule, used in hull work in 
joints requiring strength but not tightness, the spacing of the rivets 
in such joints is that required for maximum efficiency, the assump- ; 
tions being : Tensile strength of plate, 63,000 lbs. per sq. in.; 4 
shearing strength of rivets, 50,000 lbs. per sq. in. ; for single 
straps, plate to be through-countersunk. 



Table LXII. 
Spacing of Rivets. 



Connection. 



Single-riveted laps and straps. 

Double-riveted laps and straps. 

Treble-riveted laps. 

Treble-riveted straps, with alternate rivets in third row omitted. 

Longitudinal seams of plating required to be water-tight (excepting 
single-riveted laps and straps). 

Connections of transverse frames not water-tight to outside plating. 

Connections of deck plating to beams ; of nonwater-tight longitudinals 
to outside plating ; of the angles and stiffeners to bulkheads when 
entirely above the water line, and in general where special strength 
is not required. 

Connections of floor plates, brackets, lightened intercostals, etc., to 
clips and angles ; of the vertical keel angles to the flat and vertical 
keel plates and to the flat keelson plates beyond the limits of double 
bottom, provided water-tightness is not required. 

Connections of angles and other stiffeners to bulkheads at or below the 
water line ; of boiler and engine bearings and foundations generally. 

Connections of inner bottom plating to all frames and longitudinals. 

Connections of angles of water-tight frames and longitudinals to all 
plating, and in general where water- tightness is required between 
shapes and plates. 

Angles and other stiffeners to bulkheads forming supports to turrets, 
barbettes, connections of armor shelf angles to plating, etc. 

Connections between staple angles of water-tight floors and the floor 
plates. 

In special cases of intercostals, beam ends, etc., where strength is re- 
quired in connections of limited extent, and in all other exceptional 
cases, spacing to be as required by circumstances, except that the 
rivets in the same line should never be spaced less than 



Number of 
Diameters from 
Center to Center. 



3l 
4 
41 
4 

t 



6 
5 

5 
5 

4i 



Rivet-spacing. — General proportions for the spacing of rivets 
are given in Table LXII. Where this spacing cannot be followed 
exactly, it may be slightly closer for heavy plates and slightly 
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wider for light plates. The division between " light " and " heavy " 
plates lies, with single-riveting, at 7^-lb. plates; with double- 
riveting at 1 5 -lb. plates; and, with treble-riveting at 2 5 -lb. plates. 

15. When strength is required in laps and butted connections of plating, with the 
spacing indicated, single-riveting is suitable only for plating under I2j pounds and 
double-riveting for plating under 25 pounds. * * * For maximum strength in connec- 
tions of plating above 30 pounds it will generally be found that quadruple-riveting is re- 
quired. 

Distance Between Rows. 

18. Centers of rivets should be placed not less than if times the diameter from the 
edges of plates connected. In double- and treble-riveting, for laps and single straps, the 
distance from centre to centre of rows should not be less than 2\ diameters ; in butt laps and 
doable butt straps the distance between centres of rows should be not less than 3 di- 
ameters (butt laps should be at least double-riveted). For zigzag riveting the distance 
between centres of rows should not be less than 1} diameters for rivets spaced 4 di- 
ameters apart in rows. 

Punching, Drilling, Riveting. — The size of the rivet-hole for a 
given diameter of rivet has been given previously. 

4. AH rivet holes through material I inch or more in thickness should be drilled, or, 
if punched, should afterwards be reamed to finished size. The increase in diameter of 
bole due to reaming should be equal to at least one eighth the thickness of the material. 
In punching, where possible, holes will be punched from the side which will form the 
%fog surface. 

5* Great care must be taken in punching to prevent holes from coming unfair. Any 
0Q &ir hole must be reamed out before riveting, and a rivet suitable to the increased size 
of hole inserted. 

In countersunk holes, where the depth, B y given in Fig. 97, 
^ould extend through the plate, the countersink should be carried 
*° within yV in. of the bottom. Power riveting is preferred for 
*°rpedo-boat work. Rivets, in general, less than f -in. diameter 
s **ould be driven cold ; in torpedo-boat work, ^-in. rivets also 
^^y be thus driven. 

2. American Bureau of Shipping. — In the rules of this 
k**reau for the building and classing of vessels, the character as- 
Sl gned to the latter is expressed by numerals ranging from A 1 to 
^ 3, the former being the highest grade and corresponding with 
*He grades A 1 of Lloyd's Register and 3/3 — 1.1 of the Bureau 
Veritas. Vessels classified under the latter grades are regarded 
^s fitted for the carriage of all kinds of cargo on all voyages. 
New vessels built in conformity with, or equal to, the rules of the 
wed American Bureau are graded thus : 1st Class, A 1 for 17 years ; 
rhtlv ^ Class, -^ 1 for 13 years ; 3d Class, A 1 for 10 years. If built 
' Under inspection, these terms are increased by three years for the 
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1st and 2d classes and by two years for all others. The follow- 
ing extracts are taken from the rules (1 901) of this Bureau : 

Outside (skin) Plating: of all (steel) steam vessels whose length does not exceed 
t 1 times their depth to be, for half the vessel's length amidships, and at ends, the thick- 
ness specified in Table LXIII. * * * Skin plates (in general) must not be less than 
6 frame spaces in length. * * * Butts in adjoining strakes must be shifted clear of each 
other not less than two frame-spaces. Butts in alternate strakes must have a clear shift 
of not less than one frame-space. * * * The butts of all skin-plates must be planed and 
close fitted and the butt-straps be drawn up iron to iron. * * * The edges of all skin 
plates to be sheared from their faying surfaces and those of outside strakes to be planed 
or chipped fair. All butts and seams to be efficiently calked. * * * The skin plat- 
ing can be worked in out-and-in strakes or flush. If worked in out-and-in strakes, the 
insides strakes must be fitted to frames, iron to iron, and solid liners must be fitted be- 
tween the frames and the outside strakes. * * * If the skin plating is worked flush, 
* * * continuous edge-strips, with their butts shifted well clear of the butts of the skin- 
plating to which they are secured, must be properly worked on the plating seams. 



Table* LXIII. 

Minimum Thickness of Outside Plating and Flat Plate Keel. 









j 7 Year* Class, Thkkoess in Lbs., Per Square 


Fcflt. 




Sheer 


Sheer to 


Bilge and 




FUtFlaw 




nerals.f 


Strake. 


m 


fee. 


Bottom. 


Garboards* 


Keel. 


Nui 


I* 




u 




%i 




til 


II 








m4 

Si 


■ 
-a 

3 


5? 


4 


31 


1 


H 


4 
- 


^1 


1 






B< 




a< 




PC< 




3< 




X< 




2,000 and under 3,500 


12 


IO 


10 


9 


II 


10 


12 


12 


16 


13 


5>ooo l 


' 6,500 


16 


H 


M 


II 


14 


12 


16 


ifl 


rS 


14 


8,000 ' 


' IO,000 


*9 


16 


U 


12 


16 


13 


18 


16 


22 


lo 


14,000 * 


4 16,500 


H 


19 


17 


14 


19 


16 


21 


19 


38 


72 


19,000 ' 


' 22,000 


27 


20 


19 


15 


21 


17 


23 


21 


32 


24 


30,000 ' 


' 36,000 


29 


22 


22 


18 


24 


20 


26 


24 


35 


zy 


42,000 ' 


' 48,000 


30 


24 


24 


19 


26 


21 


28 


25 


37 


■1* 


56,000 « 


' 64,000 


31 


25 


26 


21 


98 


22 


3o 


27 


39 


29 


72,000 ' 


' 80,000 


33 


26 


28 


22 


30 


24 


33 


29 


41 


31 


100,000 ' 


' 110,000 


3& 


27 


30 


34 


33 


26 


35 


30 


44 


3* 



Note. — The following to be the minimum width of main sheer strake for J length 
amidships for vessels of all grades. Numeral under 10,000, 33 inches ; numeral 10,000 
and under 16,500, 36 inches ; numeral 16,500 and under 22,000, 40 inches; numeral 
22,000 and above, 45 inches. 

The minimum width of garboards and flat-plate keels for J length amidships for 
vessels of all grades to be as follows : numeral under 10,000, 30 inches ; numeral 10,000 
and under 16,500, 33 inches ; numeral 16,500 and above, 36 inches. 

*The table is reproduced in part and for the 17 -year class only. 
fThe numeral = (Depth + £ breadth -f £ girth) in ft. X length, in ft. 
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Butt-straps : 

The widths for single-, double-, and treble-riveted butt-straps, suited to different 
series of rivets, are specified in Table LXIV. * * * Butt straps must in no case be 
less than 2 lbs. thicker than the plates to which they are secured. Treble-riveted butt 
straps must, in all cases, be at least 4 lbs. thicker than the plates to which they are 
secured. 

Table LXIV. 



For Diameter of Rivets, Breadth of Laps, Lapped Butts, Width of 
Butt Straps and Breadth of Edge Strips on Plate Seams. 



Thickness of Plates in lbs. weight 




























per square foot. 


10 


121 


■5 


171 


20 


22} 


*5 


37 1 


30 


3*i 


35 


37i 


40 


Diameter of Rivets in sixteenths 




























of an inch. 


9 


to 


n 


12 


14 


12 


14 


14 


16 


16 


iS 


iS 


20 


Size in inches of Countersink for 




























Rivets of Plating. 


1 


I 


•A 


1* 


I* 


Ift 


iA 


1* 


*A 


I* 


iti 


m 


m 


Breadth of Laps, in inches, for 




























Single Riveting* 


2 


*1 


*J 


** 


2} 


2} ! 
















Breadth of Laps, in inches, for 




























Double Riveting, 


M 


3* 


4 


41 


45 


4* 


si 


5i 


6 


6 


7 


7 


71 


Width of Butt Straps, in inches, 




























Double Riveted. 


7 


7i 


H 


9! 


91 


91 


11 


11 


12I 


i*l 


14 


14 


I5l 


Width of Butt Straps, in inches, 




























Treble Riveted. 


10) 


"1 


Ii : j 


14 


14 


14 


i&t 


16I 


18} 


m 


21 


21 


a 3 


Breadth of Edge Strips for Plate 




























Seams, in inches, for Single 




























Riveting. 


4 


41 


4| 


Si 


Si 


51 


61 


61 


7i 


71 


H 


H 
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Breadth of Edge Strips for Plate 




























Seams, in inches, for Double 




























Riveting. 


fit 


S 


SJ 


9i 


9i 


9f 


11 


11 


13 


13 
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The number and thickness of butt-straps varies with the ves- 
sel's numeral for plating. The following specification applies to 
the hull whose midship section is shown in Fig. 98. 

Vessels whose numeral is 30,000 and under 48,000 to have the butts of sheer 
strake, 2 strakes of plating at bilge and upper deck stringer-plate secured with treble- 
riveted butt straps for } the vessel' s length amidships. The butt straps of bilge and shear - 
strakes, also deck stringer-plate if it is under 54 ins. wide, to be 7 lbs. thicker than the 
plate to which they are secured. The back row of rivets in foregoing butt straps to be 
spaced similar to the other rows. In addition to above, the remaining skin-plates are 
to be secured at their butts with treble-riveted butt straps 7 lbs. thicker than the plates 
to which they are secured for J the vessel's length amidships. If any of the foregoing 
skin plates exceeds 54 ins. in width, the butts of same are to have butt straps 10 lbs. 
thicker than the plates to which they are secured. * * * When the vessel's numeral 
is, or exceeds, 16,500, the lapped butts of outside plating are to be treble-riveted 
throughout 
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Rivets and Rivet- Work : 

1. The diameters of rivets for the different thicknesses of plates and angle bars are 
specified in Table LXIV. 2. The longitudinal laps of skin plating, except main sheer 
strake, worked in, out- and in-strakes, and which is sixteen pounds and above in thick- 
ness, to be double-riveted. Main sheer strakes fourteen pounds and above to have the 
lap at their lower edge double-riveted. 3. The longitudinal seams of skin plating that 
is worked flush, and which is twenty pounds and above in thickness, to be secured 
with edge strips having two rows of rivets on each side of seam. 4. The longitudinal 
laps of skin-plating which is under the above specified thicknesses, for double-riveting, 
to be single-riveted. 5. All double-riveting in longitudinal laps and edges to be chain 
fashion, the distance between the rows in lap riveting to be not less than two and three 
quarter times, nor more than three times the diameter of rivet, from centre to centre of 
rivet and the laps are to be not less in width than six times the diameter of rivet. 
Double riveted edge strips to be the width specified in Table LXIV., and the spacing of 
rivets between rows to be similar to that hereafter specified for double-riveted butt 
straps. 6. Single-riveted laps to be, in width, three and a half times the diameter of 
rivet. Single-riveted edge strips to be the width specified in Table LXIV. 7- 
Longitudinally the distance between rivets in laps and edges, of skin plating, and 
the laps and seams of all plating required to be calked watertight, to be, from 
centre to centre, four times the diameter of rivet, providing the plating does not exceed 
twenty pounds in thickness ; if the plating exceeds twenty pounds in thickness, the dis- 
tance may be four and a half times the diameter of rivet 8. The rivets in all butts— 
except the third row of a butt which is treble-riveted — are to be spaced apart, from 
centre to centre, three and a half times the diameter of rivet ; and the distance between 
rows of butt rivets to be from two and a half to three diameters of rivet, from centre to 
centre of row. 9. The rivets in the third row of a butt, which is treble-riveted, maybe 
seven diameters of rivets apart, from centre to centre, except otherwise specified, io- 
The spacing of the rivets which secure the frames to skin plating, and to floor plates, to 
be, from centre to centre, not more than seven and a half times the diameter of rivet, 
except frames having watertight bulkheads secured to them, in which the spacing, from 
centre to centre, must not exceed five times the diameter of rivet * * * 15. When the 
thickness of skin-plating amidships demands double-riveted laps or edges, the same is 
to be continued right fore and aft. 16. The diameter of rivets for securing plates, or 
plates and angle bars, of different thicknesses, to each other to be regulated by the 
thicker of the two. 17. When three or more thicknesses are riveted together, the 
thickest of the parts is to regulate the diameter of rivet * * * 20. Rivet holes are to 
be fairly and regularly pitched, and must in no case be nearer the edge of a plate or 
angle bar than their diameter. 21. It is recommended that all rivet holes be punched 
one sixteenth of an inch smaller than the diameter of rivet to be used, and the holes be 
reamed to the size of rivet after the parts are in place. Any structure, or parts, where 
more than two thicknesses of material are riveted together, and all longitudinals, floors 
or brackets in double bottom, also keelsons and stringers in holds, to have their rivet 
holes punched one sixteenth less than the size of rivet to be used, and the holes reamed 
to size of rivet after the parts are in place. 22. Rivet holes are to be punched from 
the faying surfaces of the different parts, and great care must be taken to have them, 
in the different parts joined, truly opposite each other. When holes, in the parts joined, 
are not truly opposite each other, heavy drifting must not be resorted to ; the holes 
must be reamed or drilled fair and a larger size rivet used. 23. The rivet holes in 
frames opposite skin-plate laps or edges to be drilled after the plates are fitted in place* 
* * * 25. Rivets in skin plating * * * to have their necks beveled under the rivet- 
heads so as to fill the countersink made in punching. 26. Rivet-heads should not be 
thicker than J the diameter of rivet. The countersinking of all plates and angle-bars 
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made by drill and the countersink to extend right tnrough the piate or angle-bar. 
)ach rivet to fill its hole, the heads of those for skin plating to be close laid up and 
ivets outside finished flush and fair, except in keel, stem, and stern-post, where 
nust be slightly convex. 




Fig. 9«. 



g. 98 is a midship section of a typical steel, 3 -deck, screw 
tier of the 17-year class. The principal data are: Length, 
ft. ; breadth, 48 ft. ; depth, 32 ft. ; J girth to second deck, 
ft. ; J breadth moulded, 24 ft. ; depth to upper deck, 32 ft. ; 
2ral for outside plating = (43.5 + 24 + 32)415 = 41,292. 



Longitudinal Seams. 

Lap, 6 in. wide, 1 in. rivets ; 
Lap, 5^ in. wide, \ in. rivets ; 
Lap, 4 \ in. wide, f in. rivets. 
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Plating and Transverse Seams. 



Plating. 


Thickness in lbs. per sq. ft. 


Seam. 




\ length amid- 


At ends. 


Throughout. 


Treble-riveted butt for. 


A. Bulwarks. 






IO 




B. Sheer strake. 


33 


23 




} length. 

f length amidships. 


C. 


25 


18 




D. 


23 


18 




f length amidships. 


E. 


30 


20 




I length amidships. 


F. 


28 


20 




1 length amidships. 


G. 


23 


20 




| length amidships. 


H. Garboards. 






25 


| length amidships. 
Throughout. 


K. Keel, outer plate. 


34 


28 




Keel, inner plate. 


25 


extends \ length amid. 


Throughout. 



CHAPTER V. 

KEYED JOINTS; PIN-JOINTS. 

The term " key " is applied to two forms of removable fasten- 
ings : The key proper, which is splined in a shaft to prevent relative 
rotation and sometimes axial movement of an attached member, 
as a pulley or gear-wheel ; and the " through-key " or " cotter " 
which joins parts subjected to tensile or compressive stress or to 
both, as the sections of a pump-rod, the strap and body of a con- 
necting rod, etc. The key proper is purely a locking device de- 
signed to resist shearing stress on the sectional area formed by its 
breadth and length ; the cotter not only unites the parts, but, if 
of suitable length, gives, through its taper, a limited range of axial 
adjustment, while it withstands shearing at two transverse sections, 
each the product of its breadth and depth. Both forms are made 
generally of steel, although wrought iron finds infrequent use. 

54. Forms of Keys. 

Keys for shafting may be classified as : Sunk keys, i. e. y those 
which are fitted in key-seats cut in the shaft and in the attached 
hub ; Friction keys, for which the key-seat in the shaft is omitted 
and which drive, or are driven by, the latter through friction only ; 
and Keys on the Flat which, in their action, are intermediate 
between the two former classes. 

1. Sunk Keys are almost universally of the square ox flat forms, 
shown in Figs. 99 and 100, respectively. 

Square Keys prevent relative rota- 
tion only. They are approximately 
square in section with opposite sides 
parallel ; the width, W, is slightly 
less than the depth, T f and the key 
is sunk in the shaft a little more 
than ^ T; the key bears only on 
the sides of the key-seats in shaft 

and hub, there being usually a slight clearance at top and bot- 
tom. Such a key will not secure the attached hub against axial 
movement. The latter must be prevented by set-screws pass- 
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ing through the hub and bearing on the key ; by making the 
hub a shrinkage or forced fit on the shaft ; by splitting the 
hub, boring it for a pressure fit, and drawing the split to- 
gether with bolts ; by using loose collars with set-screws on the 
shaft at the ends of the hub ; or, finally, if the hub be keyed at 
the extremity of the shaft, by threading a nut on the latter. On 
the other hand, the square key drives practically through its resist- 
ance to shearing stress on a longitudinal section, and, therefore, 
exerts no bursting pressure upon the hub and has no tendency to 
force the latter into eccentricity with the shaft. Hence, whil$d|P , 
liability to tipping in its seat unfits it — unless secured %* 
or dowels — for heavy loads, it is suitable for machine tools or ' 
other work in which accurate concentricity is required or in which 
the parts may be disconnected frequently. 

The Flat Key (Fig. ioo) locks both axially and circumferen- 
tially. Its section is rectangular and its sides are parallel, but 

its top and bottom, while plane, are 
inclined toward each other to form a 
wedge. The key is fitted accurately 
on all four surfaces. When driven 
home, the compression and elasticity 

of its metal and that of the hub, lock 
Fig. ioo. # . 

the latter effectually against motion in 

any direction. There are, however, a bursting pressure upon the hub 
and a tendency to spring the latter out of truth, both with the axis 
and with a plane normal to it. This key, as Mr. John Richards has 
pointed out, drives as a diagonal strut rather than by pressure 
normal to its face. If the angle, a, Fig. ioo, be made about 30 , 
fair proportions will be obtained with a reasonably low value for 
the magnitude of the bursting element of the driving force. The 
taper is usually -^-inch per foot. The key is suitable for heavy 
or light work in which slight inaccuracy in adjustment is not 
material. 

The Feather Key is a square key fitted for relative axial move- 
ment of the connected parts, as in a clutch-coupling. The key is 
secured in a key-seat in either the shaft or hub and the other key- 
way is made a working fit. The necessary surface to prevent wear 
from sliding movement may be had by increasing the length and to 
some extent the depth of the key. The latter is fastened to the seat 
either by countersunk screws, or by dove-tailed ends, or, in the case 
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Fig. ioi. 



of a hub, by gib (hooked) heads at the extremities of the feather. 
When the required surface warrants their use, two feather-keys 
set diametrically apart are better than one in equalizing the strain. 
The Woodruff Key * (Fig. ioi) may be of either the " square " or 
"flat" types. It has one-milled key-seat with parallel sides, but 
of circular outline at the bottom and hence 
of varying depth ; the other key-seat is of 
the usual form. The maximum depth of 
the circular key-seat is considerably greater 
jfcgu^hat of the ordinary type and the 
Waft ^, at that point, correspondingly 
weaker. On the other hand, the key is so 
firmly inset that it cannot possibly tip in 
its seat as the usual key may ; and, further, 
the circular key will rotate in its seat until accurate adjustment 
with an angular spline is obtained, while the ordinary taper key 
may bear at one point only, if not well fitted. In order to avoid 
cutting too deeply into the shaft in securing a long hub, two or 
more " square " Woodruff keys may be inset in axial alignment 
with each other so as to engage the same key-seat in the hub. 

"Quartering" Keys. — With large shafts, especially when the 
hub to be secured is a loose fit, it is better to use two keys set 90 
apart on the shaft, since the second key will oppose the hub's 
tendency to rock on the single key as a pivot. If two sunk keys 
be thus used, the width, W, of each need be but one half that 
required for a single key while the thickness, T, will also be less. 

In some cases, a sunk key is used to 
do the driving while a saddle-key or key 
on the flat, set quartering, steadies the 
hub and gives a rigid joint. 

The Peters System of semi-sunk keys 

is shown in Fig. 102. It is suitable es- 

L~™ I pecially for fastening members having a 

I ' \ reciprocating motion, either rotary or 

Fig. 102. rectilinear, as, for example, a rock-shaft 

arm. There are two pairs of keys set 

preferably 135° apart. The keys of each pair have each one 

parallel and one tapered side. The latter engage, while the parallel 




*The Whitney Manufacturing Co., Hartford, Conn. 
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Fig. 103. 



sides abut against those of parallel -sided key-seats. The seats are 

normal to a radial and are partly in both shaft and hub, so that, for 

motion in either direction, the system supplies a radial driving face. 

The tapered sides enable the keys, when driven 

home, to make a rigid joint. 

Pin-Keys, Fig. 103, may be used when the hub 
to be secured is on the end of the shaft A cylin- 
drical or taper hole is drilled and reamed at the 
shaft circumference, parallel to the axis, and one 
half each in shaft and hub. Into this hole a closely 
fitting cylindrical or taper-pin is driven which thus forms a sunk 
key. The method is accurate and cheap but is used only with 
light work. 

2. Friction Keys. — With this form no key-seat is cut in tH« 
shaft, the holding power of the key being due to friction only. 

The Saddle Key is shown in Fig. 104, 
The sides are parallel, the top tapered, 
and the bottom concave, to fit the shaft. 
When the key is driven home, the friction 
causes it to grip the shaft Its driving 
power is small and the principal uses of 
the key are to prevent rocking, when 
set quartering with a sunk key, and in 

temporary service, as in setting an eccentric. Locomotive eccen- 
trics are sometimes secured permanently by two saddle-keys, fitted 

9Q apart, whose curved faces have 
longitudinal grooves or teeth which 
cut into the shaft when the keys 
are driven home. 

The Kernaul Key* Fig. 105, 
drives only in one direction. The 
key. A", is approximately a seg- 
ment somewhat less than 90 in 
extent, the inner face of which is 
curved to the radius of the shaft, 
the outer to that of an eccentric 
slot, S t formed in the hub, H. 
The inner surface of the key is left rough, the outer being finished 
and smooth. Hence, when the hub is rotated in the direction of 

^Reuleaux's "Constructor," Suplee translation, 1S95, p, 49. 




Fig. 104- 
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Fig. 105. 
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the arrow, it slides over the key until the latter grips and revolves 
the shaft. A set-screw at a is used to set up the key and a simi- 
lar one at b to loosen it. 

The Blanton Fastening* while not a friction-key, is, to some 
extent, a modification of the Kernaul principle. If, in Fig. 105, 
the key, K, be fixed on the shaft, it is evident that, with the circum- 
ferential clearance shown in the slot, S, the hub, H t will drive the 
shaft when rotated in the direction of the arrow ; but, when the 
direction of rotation is reversed, the hub will become loose with 
limited angular play, so that it may be slipped along the shaft and 
removed readily. This is essentially the principle of the Blanton 
fastening which is applicable especially to the lifting cams of ore 
starnp-mills, largely because of the ease with which the cams may 
te disconnected and others substituted. The surface of the shaft 
,s formed in a series of corrugations corresponding with a series of 
k^ys, K y and the hub is slotted to fit, with clearance at the ends 
°f the slots, which ends are inclined and not radial, as in Fig. 105. 
Holler Keys. — If, in Fig. 105, there be substituted for the key 
a hardened steel cylindrical roller whose diameter is a little less 
ft*an the maximum radial width of the slot, S t it is obvious that 
a slight rotation of the hub will cause the roller to bind and thus 
drive the shaft. The connection is, like the Blanton, readily dis- 
engaged but is suitable for light work only. In fitting it, the ends 
°f the hub are bored concentrically with the shaft and to the diam- 
eter of the latter, while the central recess for the key is circular 
but eccentric with the shaft. 

The Cone-Key depends wholly upon friction for its driving power. 
The hub of the pulley or other member to be secured, is bored 
centrally with a tapered hole whose least diameter is greater than 
that of the shaft. A cast-iron bushing, bored to fit the shaft and 
turned to the taper of the hub-bore, is then split longitudinally 
into three equal parts, giving thus three saddle-keys, each nearly 
120 long circumferentially. These keys, forced between shaft 
and hub, hold and drive the latter. The diameter of the shaft 
may be varied, within limits, for the same hub, by using a cone- 
key of the proper bore. Perhaps the most effective application 
of this principle is the Sellers Double Cone Coupling for shafts, 
patented and manufactured originally by William Sellers and 

*F. R. Jones : "Machine Design,' ' 1899, Part II., p. 205. 
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Company. As shown in Fig. 106 , each shaft, as A t of the two 
be connected is surrounded by a hollow cone, B, split only in one 






Fig, 106, 

place. The cone is bored to fit the shaft and turned to a taper 
corresponding with the bore of one end of the encircling shell 
or M muff/' C. The cone-bushings are bound to the shell and 
shaft through friction due to the axial stress upon three bolts, B, of 
square cross-section which lie in rectangular slots in both cones and 
draw the latter together and into the shell. As an additional pre- 
caution against slipping, each cone is attached positively to its 
shaft by a sunk key, is. The taper of the cones is about I :j\ 



a 



Fig. 107. 



3, Keys on the Flat. — This type, Fig. 107, is, in driving 
power, intermediate between saddle and sunk keys, being recessed 
in the hub and bedded on a flat planed on the shaft. The upp 
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side of the key is tapered. Fastenings of this character were used 
formerly, as in Fig. 1070, in securing large hubs, as those of 
paddle-wheels, on square shafts. In such cases, the keys not 
only lock the hub in place, but may be used, within limits, to 
align it with the shaft. 

55. Proportions of Keys. 

The proportions of keys and key-seats have not been standard- 
ized and, in practice, show some variation. 

1. General Proportions. — The following tables give the pro- 
portions recommended for general work by Mr. John Richards.* 
The notation refers to Figs. 99 and 100. 

Table LXV. 









Square (Straight) Keys. 
(John Richards.) 








D 
W 
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1 

A 

A 




1} 
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V 


2 

1 




3 

1 


3} 


4 



Groove in shaft should be -^ 7* in depth. Keys should not bear at top and bottom. 

Table LXVI. 













Flat ( 


Taper) Keys. 
















(John Richards.) 
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3 i 
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if 
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4 


tt 
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1 



For shafts larger than those given in the table, there should be two or more keys, 
the width of which may be \D while the depth may be obtained by making angle 
« = 3o°. 

Table LXVII. 

Feather (Sliding) Keys. 
(John Richards.) 
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1} 


l i 


if 
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2j 


2 \ 


3 


3* 
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W 
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3 


3i 
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7 
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II 


13 


'5 



L = Maximum length. With feather fixed in hub, the shaft key-way should be a 
little the deeper. 

*" Manual of Machine Construction," 1889, p. 57. 
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2. Shafting. — Professor Coleman Sellers, E. D., gives* the 
following proportions : 

Table LXVIII. 

Keys (Square) for Shafting. 
(William Sellers & Co.) 



Diameter of Shaft. 



Size of Key. 



2 tV 

2H-2M-3tV-3tV 

3t!-4tV-4t* 

5tV5t*-6tV 

^7tV7tH5tV-8t* 



x 



r 



■i * i 



Length of key-seat for coupling = I J X nominal diameter of shaft. 

3. Machine Tools. — The following tables are given herein 
through the courtesy of Messrs. William Sellers and Company 
and the Brown and Sharpe Manufacturing Company : 

Table LXIX. 

Keys (Square) and Key-Seats for Machine Tools. 
(William Sellers and Co.) 



Diameter of Shaft. 



Y f and under. 

Over i" 
1 "and 1 A" 



3 



if 

2 I 
2} 

4 

5i 
7 
9 
11 

13 



Size of Key. 




Size of Key-Seat. 




* " The Stevens Indicator,' ' IX., 2. 
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Key- Ways for Milling Cutters. 
(Brown and Sharps Manufacturing Co.) 
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Diameter (D) of Hole. 


Width ( W) of 
Key-way. 


Depth (<t0 of 
Key-way. 


Radius (a?). 


V to A" 
« "'1 


A" 


A" 


.O2o" 


A 


* 


.030 
.035 


ia ;; if 

I« " 2 


A 


A 


.040 


i 


A 


.050 
.060 


*A "at 


A 


A 


.060 


*A " 3 


A 


.060 



4. Stationary Engines. — The following table gives the prac- 
tice of one of the leading builders in the United States with regard 
to the keys (square) for cranks and the flat (tapered) keys for the 
fly-wheels of stationary engines : 

Table LXXI. 
Engine Keys. 



Itiam.of 
Shaft, 



Width of 
Key. 



CraDk 
Key. 



Wheel (£ey l 
Thin End. 



Diam. of 
Shaft. 



Width of 
Key. 



Thicknei 



Crank 
Key. 



Wheel Key, 
Thin End, 



A 
ft 

4 
5 
6 
7 
8 

9 
10 
11 
12 

13 
14 



l 

\ 



if 



I 



r5 

16 
18 

20 

22 
26 

28 

30 

32 
34 

3 £ 
3* 
40 



4 

i 

4 

4j 
4» 
4f 
5 

ii 



2! 

2 f 
2| 

3 
3| 

1 

3f 

4 
4i 
4i 
41 

4* 



it 

if 

1* 
2 

H 

2 i 

2I 

31 
3* 
3f 
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The practice of this company is, with regard to : 
Crank- Keys : 

(a) No taper for crank-keys. 

(b ) Key to be J in shaft and \ in hub, measured at edge of key -way. 

(c ) Use 2 keys, set 90 apart, for cranks bored 23I inches diameter and above. 
(d) Use keys for nominal diameter of shaft. 

(e ) Keys in all counterbalanced cranks to be on the diameter passing through crank- 
pin, but on the opposite side of shaft from the pin. 

Fly-Wheels: 

(a) Taper of key, J-inch to 1 foot ; tapered side in hub. 

(& ) Thin end of key to be \ in shaft and \ in hub, measured at edge of key- way. 

(c ) Use 2 keys, set 90 apart, for shaft 15 inches diameter and above. 

(d) For sizes not given in table, use key for next smaller shaft. 

5. Marine Engines. — The following table is given herein 
through the courtesy of the Newport News Shipbuilding and Dry 
Dock Company. The notation (Fig. 100) is : 
D = diameter of shaft, ins. 

W = width of key and key-way, ins. = faD + -J-". 
7"= thickness of key = fyD + ^". 
t = depth in shaft, measured at the side. 
T— t = depth in hub, measured at the side. 
Taper = \ in. per foot. 

Table LXXII. 

Keys (Tapered) and Key-Ways, Marine Engines. 
(Newport News Shipbuilding and Dry Dock Co.) 
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Propeller Keys. — The hub or boss of a screw-propeller is bored 
conically and fitted accurately to a corresponding taper on the 
after -end of the shaft, the latter being threaded for a nut which 
keeps the boss in place. The screw is driven by one or more 
longitudinal keys or feathers set in the tapered part of the shaft 
and fitting into suitable key -ways cut in the boss. These keys 
meet exceptionally severe service in rough weather when the ship 
is pitching and the position of the screw varies, in "racing/' from 
partial to deep immersion. The screw-propellers for U. S. naval 
vessels are now made of manganese bronze or approved equivalent 
metal. With regard to the proportions of keys for naval pro- 
pellers, Lieutenant-Commander F. H. Bailey, U. S. Navy, in 
charge of designs, Bureau of Steam Engineering, Navy Depart- 
ment, says : 

' * These keys are properly feathers since they are not usually driven, although this 
has been done in the case of some torpedo-boats. In our practice, the width of the key 
is about one and a half times its thickness, the latter being such that the side-pressure, 
calculated from the maximum turning moment on the shaft, shall not exceed about 
25,000 lbs. per sq. in. on the propeller-hub. Thus, if a key is 2 ins. X3 ins., bears 
for 30 ins. of its length, and is half in hub and half in shaft, the bearing surface would 
be 30 sq. ins. If the mean distance of the key from the centre of the shaft is 8 ins., 
the maximum turning moment on the shaft could be 30 X * X 25,000 X 8 = 6,000,000 
inch pounds which maximum moment should be from 1.3 to 1.4 times the mean turn- 
ing moment calculated from the horse-power and revolutions. Usually, we design the 
key so that the pressure on the key-way shall be about 22,000 lbs. per sq. in. If this 
pressure gives a key whose thickness is over \ of the shaft diameter, two keys set oppo- 
site are preferable." 

56. Stresses on Keys. 

Keys for shafting are subjected to shearing stress on the longi- 
tudinal cross-section and to crushing stress on the sides, or, when 
the key acts as a strut, in the direction of an approximate diagonal 
to the transverse section. As a general rule, it is better, in design- 
ing, to follow the empirical proportions given in the various tables 
which have been quoted, since keys with these dimensions, when 
well fitted and driven, seldom fail by either shearing or crushing. 
It is more probable that the shaft will be sheared or that the key 
will become loose in its seat. The latter action is soon fatal to 
the joint, since, through lost motion, vibration, and shock, the key, 
if not secured, will back out, or its sides or those of the key-seat 
will become so battered as to be useless. In work of an unusual 
nature or requiring especial care, keys may be designed or empir- 
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ical proportions tested by the application of the principles given 
below. 

Shearing Stress on Key. — Let P be the load on the crank-pin 
or pulley-rim ; R> the lever-arm of that load from shaft-centre ; D, 
the diameter of the shaft ; Z, the length, and W y the width of the 
key ; and S 9 , the working unit shearing stress on the longitudinal 
cross-section. Then : 

Shearing resistance of key =Z x W x S t ; 
Moment of key-resistance = L • W* S 9 x DJ2 ; 
Moment of load = PxA 

Equating the moments : 

w =Trzrs; (^o 

Since the length, Z, of the hub is known, the minimum value of 
Wmzy be obtained from (141). 

If the strength of the key against shearing is to be equal to 
that of the shaft in torsion, the width, W y may be found by equat- 
ing the resisting moments of both. Let S/ be the allowable 
shearing unit stress at the circumference of a solid cylindrical 
shaft, the polar modulus of the section being J/c. Then : 

j irTP 

Resisting moment of shaft = 5/ • — = 5/ • —zr ; 

-§■!■?■ 04.) 



For a hollow shaft of outer and inner diameters, D x and d, re- 
spectively, Jjc becomes 



n DS-d' 



16 D x 

and the leverage of the key is DJ2. 

Crushing Stress on Key. — The total resistance of a key to side- 
wise crushing is equal to the least area of the parts of the side 
inset in shaft or hub, multiplied by the working unit crushing 
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stress, S c . The leverage of this resistance is, as before, DJ2 y ap- 
proximately. Assume that the key is inset one half the depth, T. 
Then : 

Crushing resistance of key = Ix T/2 x S e ; 

Moment of key-resistance = L . 7/2 • S e x -O/2. 

Equating this moment with that of a solid, cylindrical shaft to 
torsion : 

T- t --- T . (x«) 

Equating the values of L from (142) and (143): 



r=2. J. fT, 



( J 44) 



which values apply to a key whose strength, in shearing and 
crushing, is the same and is equal to that of its shaft (solid, cylin- 
drical) in torsion. If S c = 2S a , we have T= W, which is approx- 
imately true for square keys. For flat (taper) keys, which drive 
as a strut and are therefore relatively shallow, Richard's propor- 
tions (Fig. 100) give T= Wtan 30 . The crushing action on the 
sides is, other things equal, greater in square keys and feathers. 
The flat key is wedge-shaped, tends to drive on a diagonal to 
the cross-section, to tip in the seat, and thus to relieve the sides 
somewhat. 

W ^ 

1 




Shearing Stress on Shaft. — The load on a square key or feather 
acts to shear the shaft on the plane of the base of the key-seat, 
i. e., in the direction, M-N, Fig. 108. Assume that the unit 
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shearing resistances of shaft and key are the same, that the key is 
sunk \ Tm the shaft, and that M-iV= 0-.V= W. Then : 

7-= 2K-L = 2{CK- CL). 

Substituting the values of C-K and C-L, we have, with sufficient 
approximation : 



Neglecting the last term and under the conditions given, the 
thickness of a key varies directly as the square of its breadth. 
Hence, since the shearing resistance varies as the breadth, the use 
of two or more keys in the place of one is attended, considering 
shearing stress only, by a reduction in the total metal used in keys 
and in the amount slotted out for key-ways. 

The Grip of Friction Keys. — The holding power of these keys 
cannot be calculated with accuracy. The cone-key, Fig. 109, is 

driven home by a total maximum 
force, Q, which, through the ex- 
pansion of the hub and the com- 
pression of the cone-bushing, pro- 
duces the normal unit pressure, N y 
at the contact-surfaces of hub and 
key and the radial unit-pressure, 
P , at the joint between key and 
shaft. If be the half angle of 
the cone, the component of N 
which is normal to the axis, will be 
P x = iVcos 0. Letting L = axial 
length of bearing, R x = mean radius of outer surface of cone, 
J? = radius of shaft, and /i and fi' = coefficients of friction, the 
resisting moment to circumferential slip will be, between : 




Fig. 109. 



Resistance, 

Shaft and bushing : 2ttR L x Pjjl ; 
BusIUfig a?id hub : 2tzR x L x P x fJ ; 



Moment. 

zrRJUPjl x R a ; 
2kR x LPji> x R x ; 



which moments should be = P.R, the turning moment on the shaft. 



* Marks : " Relative Proportions of the Steam Engine," 1896, p. 97. 
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In these expressions, the surface removed in dividing the bushing 
is neglected. At the instant of driving home : 

Q (Max.) = 2 jV sin + F + F x cos 0, 

in which F and F x are the total frictional resistances acting along 
the contact-surfaces. While Q may be measured, the values of fi 
and /*', as pointed out in §4, are uncertain in such cases. Again, 
the magnitude of P is fixed by that of P x and the action of the in- 
tervening metal. Owing to the slots, the bushing cannot strictly be 
treated as either a thick cylinder or a thin band. In fair approxi- 
mation, the grip may be estimated by considering the cone as a 
hollow cylinder of inner and outer radii, ^ and R v respectively, 
subjected to the external pressure, P x . 



57. Through-Keys: Forms. 

The through-key (cross-key, cotter) is simply a tapered cross- 
bar of rectangular or circular section driven through two members 
to be joined, as the sections of a pump-rod, a piston-rod and piston, 
a piston-rod and cross head, the strap and body of a connecting- 
rod, etc. The joint may be designed to resist tension only, as in 
foundation bolts ; but is usually adapted for both tensile and com- 
pressive stresses. If the connected parts are movable axially and 
the key is sufficiently long, the latter 
gives means for longitudinal adjustment 
of the joint. 

(a) Cross-keyed Joints. — Fig. 1 10 
shows such a joint as used for connect- 
ing the piston and rod of a locomotive 
engine. The rod has a shoulder at A 
against which the piston is driven and 
on which it bears ; its end has a sharp 
taper (^ in. in 4 ins.) from the shoulder 
to the extremity, B y and fits in a conical 
hole of the same taper in the piston, C; and the rod and piston 
are joined rigidly by a key, K, whose sides are parallel and 
whose top has a taper of \ in. in 12 ins. The sharp taper on 
the rod makes the parts readily detachable when the key is 
backed out. 




Fig. 1 10. 




the other type, the taper 
is made upon an enlarge- 
ment of the rod and the 
latter bottoms in the fit, 
the joint being thus made 
by compressive stress. 
The latter method is much 
more secure than the for- 
mer, in which the tension 
invites rupture. 

In Fig. 112 a similar 
C o D n e c t i o n b e twee n the 
sections of a pump- rod is 
shown. A socket, C, is 
formed on the lower sec- 
tion, B f in which the up- 
per section, F, is re- 
cessed. Through th< 
socket and the prolonga- 
tion of the upper rod a 
key -way is slotted. The 
section, F, is held rigidly 

by the collar, H, formed on it and the key, K % passing through it 

and the socket. 

y American Enginttr &nd Railroad jbmmaij January, 1899, 
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(£) Gib and Key (Fig. 113). — The brasses of the connecting- 
rod end shown in this figure are secured in place by the key, K t 




Fig. 113. 



and gib, G, both of which pass through parallel-sided key-ways 
slotted through the strap, S, and the body of the rod. The 
abutting sides of gib and key have a taper of J in. to £ in. in 
12 ins. 

As the key is driven home, the gib bears on the inner ends of the 
strap-slots and the key presses against the outer side of the key- 
way in the rod, thus drawing the brasses firmly together and 
against the body of the rod. The hooked ends of the gib 
overlap the strap and keep it from spreading. The location 
of the center of the journal is regulated by the liners between the 
brasses and by the position of the key. The latter gives, 
therefore, a limited range of adjustment as to the length of 
the rod. 

In gib and key joints which are to be disconnected frequently or 
in which the pressure is excessive, the key may be tapered on 
both sides and pass between two gibs similar to G. This ar- 
rangement provides increased surface of a durable character for 
the key. 
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(c) Bolted Strap-Ends. — Fig. 1 14 and Table LXXIII. give the 
proportions of good practice in bolted strap-ends for connecting 



\#Y~ J 







r^-i 



fHrrnt 




-w- 



rods, a form which is more modern and in many respects more 
satisfactory than that shown in Fig. 113. In this type, the strap 
is secured by bolts, G, passing through it and the body of the 
rod, while the key, N y becomes a wedge simply which forces the 
brasses together and against the outer end of the strap. The 
taper (8 degrees) of the key is considerable and the position of the 
latter is regulated by the bolt, y passing through it and through 
both forks of the strap. 

(d) Taper Pins. — In light work, taper-pins are frequently used 
as cross-keys, as, for example, when driven into a diametrical 
hole, drilled and reamed to a corresponding taper, through the 
hub and shaft of a gear-wheel. The dimensions of the standard 
taper-pins made by the Morse Twist Drill and Machine Co., are : 



Number. 





X 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Diameter at Large 

End, Inches. 
Approximate Frac- 
tional Sizes. 


.156 


.172 

41 


.193 


.219 


.250 

i 


.289 

if 


.341 

H 


.409 

11 


492 
f 


.591 
if 


.706 



The taper is J in. per foot. The length ranges from £ in. forr~ 
the No. o to 6 ins. for the No. 1 o, in increments of J in. 

(e) Split Pins (Table LXXVI.). — These pins may be used to 
prevent endwise motion in a nut or a pin-joint. They are circi* — 
lar in section, cylindrical or tapering in form, and are either split 
throughout, except at the head, or at the end only. When driven 
home, the pin is locked by spreading the split end 
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58. Through-Keys : Stresses. 

1. Tensile, Shearing, and Bearing Stresses. — Assume the 
joint, Fig. 112, to be stressed axially and alternately in opposite 
directions. Failure may occur by : 
Tensile Stress : 

(a) On sections, E or F\ {p) on section, Z, where reduced by 
the keyway ; (c) on socket, G, where similarly reduced ; (d) on 
the key, due to bending. 
Shearing Stress : 

(e) On the key at inner surface of socket, G ; (/) on socket, G, 
above key ; (g) on collar, H\ (Ji) on section, Z, below key. 
Bearing Stress : 

(k) On key; (/) on section, Z; (m) on socket, G; (n) on 
collar, H. 

Take S t , S s = 0.8 S t , and S b as the permissible unit tensile, shear- 
ing, and bearing stresses, respectively. The exact manner in 
which the key is loaded, is unknown. Assume it to be a simple 
beam, uniformly loaded with total stress, P. Then for condition : 



(«) 


r-4<s.; 


(*) 


p= {l ' d *~ b d ) s ' ; 


(0 


P=[- 4 (&-d*)-(D-d)6]s t ; 


(d) 


8 - 6 "V-^-T d -V 


(<) 


P-2{6-h-S,); 


(/) 


P=2{D-d)h l .S,; 


U) 


P=nd/ h S,; 


(//) 


P=2(d-h i .S.); 


(*) 


P=b-d-S h ; 


(') 


P=6d-S„; 


H 


P=b{D-d)S b ; 


(«) 


P=fa-d*)S b . 
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It is evident that the more important of these stresses are shown 
by (b), (d) and (e). Taking S s = o.SS t and equating (d) and (e) : 

bW 

A=i.2</. (145) 

Substituting in {e) and equating (b) and (*) : 

i.g2bd-S = (-d-b)d-S t ; 

b = 0.27*/, say 0.25*/, ( J 46) 

a ratio which conforms with good practice. The value of D in 
terms of d may be found, for tensile stress, by equating (b) and (c) 
and making b = 0.25*/. This value, however, is less than that for 
bearing pressure obtained by equating (/) and (/#). From the 
latter equations : 

D-2d. (147) 

Equating the tensile and bearing resistances, (b) and (/), respec- 
tively, of rod L\ 



(^-b}dS = bd-S h - 



.5 



= 2.14, (148) 



a ratio which is not excessive with good materials and fitting. The 
depths, h x and h v if calculated for shearing simply by (/) and (//), 
ar e less than is required by good practice. Their value is usually 
from d to 1.251/, with wrought iron. The diameter d v of the col- 
lar, H y should be greater proportionately in small rods, since the 
"Uets and rounding greatly reduce the bearing surface. Taking 
tr *e unit bearing pressure upon the collar as \ S b , we have, from 
(0 and (n) with b = d\\\ 

b.dS h =-^d?-d^S h ; 

d 2 = 1.22*/. (149) 
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Equating (e) and (g) and substituting the values of b and h : 



2bh • S s = ltd- h z - S a ; 
A 3 = o.2d, about, 



(150) 



a height which, considering the fillet of the collar, is sufficient. 

2. Driving Force on Key. — Let A and B, Fig. 115, be two 
members of the same material united by a through-key, C> one side 

of the latter having the 
w angle of taper, 0. Take 

Was the axial load upon 
the joint and fi and <p as 
the coefficient of friction 
and angle of repose, 
respectively, of C and A 
or B. Then, disregard- 
ing the friction between 
the members, A andB y in : 
(a) Driving /tome the 
key, the latter is acted 
upon by the driving 
force, P y and the reac- 
tions, R and R v devel- 
oped at the contact-sur- 
faces by the load, W. 
The force, P, is opposed 
by the horizontal com- 
ponents of these reac- 
tions. 

At the contact-sur- 
faces of B and C, the 
load, W, taken as con- 
centrated at O, produces 
the total normal pressure, 
N, which pressure, when 
the key moves, develops the force of friction, F=/iN=N 
tan^. The reaction, R, is the resultant of N and F and is 
hence inclined from N and toward P by the angle <p , and from the 
vertical by the angle <p + 0. The horizontal component of this 
reaction is R sin (<p + 0). 



J>— 




Fig. 115. 
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The load, W, is divided between the two forks of member, A. 
Consider it as concentrated at D y at which point it produces a total 
normal pressure, N v and, when the key moves, a force of friction, 
P x = fiN x = N x tan <p, and a reaction, R v inclined toward P and 
from N x and the vertical by the angle <p. The horizontal compo- 
nent of this reaction is R x sin tp. Hence : 

P=Rsm(<p + 0) + R l sin<p; (151) 

but, R= W\ cos (<p + 0) and R Y = NJ cos <p = Wj cos <p 

..P = W[t3in(<p + 0) + tany>]. (152) 

(b) In backing out the key, consider the load as concentrated 
at O and E with regard to the members, B and A, respectively. 
The conditions are as before, excepting that the forces of friction, 
F' and F x f t act toward the backing force P' . Therefore, the reac- 
tion, R f , is inclined from the vertical and toward P' by the angle 
(P — 9) and the reaction, R^, by the angle <p . Hence, as in (1 $2) : 

/>' = JF[tan(y>-0) + tany>]. (153) 

(c) Maximum Taper, — If the angle 6 is so great that the key, 
w hen driven home, is on the point of backing out, P' = o. Hence, 

tan (<p — 6) + tan <p = o 
and 

= 2<p, 

w hich is the limiting value for 6, when the key is not fitted with 
s et-screws or other locking devices. 

(d) Friction of Members, — The preceding equations neglect 
the friction between the members, A and B, and the value of W 
*s therefore greater than the given force, P and P' 9 would over- 
come in practice. Let W f be the axial load, considering this fric- 
toon. Then (Fig. 115) the reaction, R, will produce, between the 
contact-surfaces of A and B, a force of friction, 

F 2 = PJV* = ^ sin (<p + 0), 

Which force will act downward in driving home. Hence, in raising 
& t the vertical loads to be overcome are : 

W f + fijt sin (<p + 0), 
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which quantity must be substituted for W in preceding equations. 
Hence, considering the friction between the connected members: 

\ ^ ^-f/yRsinfr + fl) ^ 

cos ( (p -f- 0) cos (<p + 6) — fx a sin (^ + 0) ' 

1 cos <p 

Substituting in (i 5 1) : 

/>= [W f + /^ sin (<p + 0)] [tan (<p + 0) + tan y>] ; 

tan(y + fl) + tany 
' i-// 2 tan(? + 0) ' ^ I54 ^ 

in which // 2 is the coefficient of friction for the metal of A and B. 
In finding the value of P' by a similar method, the force of friction 
is calculated from the normal pressure produced by R ' and that 
force acts upward, in opposition to W /y and hence is subtractive. 

(e) Double Taper, — Assume that both sides of the key have 
the same angle of taper, 0, as shown by broken lines in Fig. 115. 
Then, i? x and R x r are equal to R and R' f respectively, and, from 
(152) and (153): 

P=2Wt3in(<p + 0); (155) 

P' = 2Wt<m(<p-0), (156) 

which equations neglect the friction of the connected members. 

The limiting angle of taper at which this key, when driven 
home, is on the point of backing out, is found, as before, by 
making P f = o. Hence : 

tan (up — 0) = o .-. = y . 

Under customary conditions, with slightly oily metals and with- 
out locking devices on the key, the latter will begin to back out 
when its taper reaches about 1^ ins. per ft., 1. e., a ratio of 1 to 8. 
The taper for such keys is, in practice, much less, the ratio being 
usually 5 or 6 times this limit. 

59. Pin-Joints. 

Pin-joints, i. e., those in which two or more members are united 
pivotally by a cylindrical pin meet frequent use. 
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I. Boiler Braces. — The joint may be as shown in Fig. 116 
or the member, B, may be replaced by a lug or curved strap pass- 




ing over the pin and riveted to the head-plate. In such a joint, 
if the parts be accurately fitted without lost motion between 
members, A and B, or between the pin-bearing and pin, the latter 
is subject only to double shear. The fit, however, is frequently 
loose ; and, in any event, the pin and bearing will probably wear. 
Hence, the pin is subject frequently to both shearing and bending 
stresses and may fail as shown in Fig. 117.* 




Fig. 117. 

(a) Brace-body. — In general, let L be the length and B the 
breadth in ins. of the area supported by the brace and let / be the 
pressure per sq. in. upon that area. Then the total load on area 
and brace is : 

W=LBp = 7tI?\ A S v (157) 

in which S t is the working unit tensile stress of the brace. 
* The Locomotive, August, 1901. 
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(6) Shearing Stress on Pin. — Assuming accurate fitting through- 
out, the pin will be subject only to double shear. Then, by §45, 
3, and taking S $f the mean unit shearing stress, as o.SS t : 

W= i.7S-^ 2 /4-5,= i.4>icd*/4-S r (158) 

Equating (157) and (158) : 

d=o.Z^D. 

(c) Bending Stress on Pin. — The distribution of the load upon 
the pin, in its bearings both in B and in the forks of A, is unknown. 
In any event, the pin acts as a supported beam of circular cross- 
section, as in Fig. 118. In extreme cases, the load, W, may be 




Fig. 118. 

concentrated at the centre of the length, and the distance, /, 
between the supports maybe the total width, C-E, Fig. 116, of the 
bearing. Assume / = i.$d and the load as concentrated, as above. 
Then, the maximum bending moment is : 

8 * c ' 32 ' 

in which Ijc is the modulus of the section. Then : 

W-\~d*-S c (159) 

Taking the tensile stress due to bending as equal to that in direct 
tension and equating (157) and (159) : 

d= 1.2D. 
For average practice, the diameter for shearing, as thus calculated, 
is too small and that for bending is large. Taking the mean : 

d=D. 
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(d) Sides and Crown of Eye. — When the diameter of the pin is 
such that the eye may be tested to destruction, the latter fails by 
crushing at A, Fig. 116, and rupture at the two sections, b, the 
metal flowing so that the thickness of the eye is increased consid- 
erably at the inner limit of A and much decreased at those of b, 
where fracture appears first. 

The section at b is subjected not only to tensile stress due to its 
share of the load, W y but also to an additional bending stress, 
owing to the distance between the line of application of the load 
and the centre of gravity of the section. With regard to the width 
of the crown at A, the problem is, in general, one of indentation 
(p. 184) and the stresses (§45, 46) resemble somewhat those in a 
thick, hollow cylinder under internal fluid pressure.* The case is 
also similar generally to that of the margin of a riveted joint, in 
which, for ample strength E = 1.5^(84), i. e. y the distance from 
edge of hole to edge of sheet is d. In practice the periphery of the 
eye is concentric with the hole and A = b = o.$d to 0.75*/. 

{e) Member A. — The thickness, /, of the forks should be pro- 
portioned for two thirds of the load to allow for inaccurate fitting 
and irregular distribution. Generally,/= o.66d to o.j$d. 

In good work, bosses for planing are formed on each side of the 
eye and where the head and washer of the pin fit, with a conse- 
quent increase of thickness at those points. 

(/) Tests. — In 1879, Chief Engineers Sprague and Tower, U. 
S. Navy, made exhaustive experiments upon boiler braces. Their 
recommendations f are : 

"The following is submitted for the proportions (with sufficient excess in the eye for 
wear, etc. ) of the ends of boiler braces made in the manner specified. In the same 
bar, the section across the eye must be increased with each material increase of the 
diameter of the pin. When the brace is round and the thickness of the eye and the 
diameter of the bar are equal, let x — areas. 

" For ends made by drawing out the bar, bending it around and welding : x = width 
of bar and the diameter of iron pin, {}x = diameter of steel pin, f x = breadth of 
(concentric) eye, thickness of eye to equal that of bar. 

" For ends cut from flat bars, x= width of bar and diameter of iron pin, $ x = di- 
ameter of steel pin, \x = breadth across each side of eye, J .r = depth through crown 
of eye, thickness of eye = that of bar. 

"For ends upset, and forged solid, holes drilled, x = area of bar and area of iron 
pin, 1.48 x= area of section across the eye, .9 x = area through crown of eye." 

*Cotterill: "Applied Mechanics," 1895, p. 368. 

f" Report on Experiments to Ascertain Proportions for the Ends of Boiler Braces," 
Washington, 1880. 
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2. Structural Work. — Pin-joints are used for trusses and in 
the lateral system. One such joint is shown in Fig. 119, which 
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Fig. 119. 



has a compound member in the centre with four sets of eye-bars 
in pairs, one bar of each pair being on each side of the centre. 
Large pins have a nut at each end ; those of smaller diameter 
may have a head at one end and a split-pin, serving as a cotter, 
at the other. To allow for irregularities in thickness or fit, the 
" grip," or length of pin between the inner faces of the nuts, is 
increased, beyond the aggregate thickness of the connected mem- 
bers, by y 1 ^ in. for each bar and J in. for the riveted member as a rule. 

The stresses on the bars and pin may be horizontal, vertical, 
or diagonal. Resolving the latter into horizontal and vertical 
components, the pin-stresses may be divided into four classes : 
Positive horizontal and negative horizontal stresses, acting toward 
the left and right, respectively ; and positive vertical and negative 
vertical stresses, acting upward and downward, respectively. The 
pin, Fig. 119, may be considered as a beam, acted upon by various 
stresses, as above, each at a distance from the next stress corre- 
sponding with the thicknesses of the respective eye-bars and the 
allowance for irregularities. The diameter of the pin must be 
proportioned for bending, shearing, and bearing pressure. 

(a) Bending, — If the maximum bending moment on the pin be 
known, the diameter of the latter for bending stress may be found 
from the fundamental formula : 

M (max.) = 5- - = 5* — , 
c 32 

in which M is the maximum moment, 5 is the allowable working 
unit stress, and d is the diameter required. 
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To determine the maximum moment for any given manner of 
loading, the moment at the centre of each member must be found, 
each load being considered as concentrated at the centre of its 
respective bar. This moment will be the resultant of all preceding 
moments to the left. The principles of the resolution and com- 
position of forces apply also to moments. Hence, the moment 
upon any section will be the resultant of the horizontal and verti- 
cal moments upon that section, 1. e. y the square root of the sum 
\ of the squares of the latter moments. 

Thus, assume in Fig. 119, stresses, P v P v P v P v upon the cor- 
responding members, the lines of action being separated by the 
distances, a v a v a v Let P x be a positive horizontal stress ; P v a 
diagonal stress with vertical and horizontal components, + P t v 
and — PJi, respectively ; P v a diagonal stress with vertical and 
horizontal components, — P s v and — PJi, respectively ; and P A a 
negative vertical stress. Then at : 

Member No. 2 : 

Horizontal Moment = P x x a x = H.M t ; 

Vertical " = o ; 
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Resultant " = VH.Mf + o = H.M r 

Member No. j : 
Horizontal Moment = P x (a x + a 2 ) — PJi x a % =- H.M^ ; 

Vertical " = P 2 v x a 2 = V. M % ; 



Resultant " = VH.M? + V.M*. 

Succeeding resultant moments may be calculated similarly. 
From a comparison of the results, the value and location of the 
I **aximum bending moment upon the pin may be found. Table 
*-XXlV. gives the required diameters for various maximum mo- 
unts and extreme fibre stresses per sq. in., as computed by the 
'^ndamental formula for bending moment. It will be observed 
5*^t the calculations, as above, apply only to the pin before bend- 
**%. When the latter occurs, the stress-leverages and maximum 
foment are reduced. 
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Table LXXIV. 
Maximum Rexdrcg Mometts ox Pdcs. 



t far Fibre Soaoa per Sqaare lads cf 



1,470 

2,SSo 

7.890 
U,8oo 
16,800 
23,000 
30,600 

39,800 

50,600 

63,100 

77,700 

94,200 

113,000 

134,200 

i57»£oo 

184,100 

213,100 

245,000 

280,000 

318*100 

359*5oo 

404,400 

452,9°° 

505,100 

561,200 

621,300 

635,500 

754,000 

826,900 

904,400 

086*500 

1,073,500 

1,165,500 

1,262,600 

1,364,900 

1,472,600 

1,585,900 

1,704,700 

1,829,400 

1,960,100 

2,096,800 

3*239i7oo 

2,388,900 

2,544»7oo 



I-770 
MSB 

5*960 

MTO 

14,100 

20,100 

27,000 

3Moo 

47,700 
60,700 

75,800 
93,200 
113,100 
I35*? 00 
161,000 
189,400 
220,900 
255*700 
294*000 
335*900 
381,700 

43Moo 

485*300 

543*5<*> 
606,100 
673,400 
745*500 

82 2 1 600 
904,800 
992*300 

1,085,200 
1,183,800 
1,288,200 
1,398,600 
l,5l5,loo 
1,637,900 
1,767*100 
1,903,000 
2,045,700 
2,195*300 
2,352,100 
2,516,100 
2,687,600 
2,866,600 
3,053,600 



1,960 

6^630 

10,500 

15*700 1 

22,400 

30*700 

40*800 

53*000 

67,400 

84*200 

103,500 

125,700 

150,700 

178,900 

2\Q.\C*J 
245,400 
2S4,IOO 
326,700 
373»3O0 
424,100 
479*400 
539*200 
603,900 
673*500 
748,200 
828,400 
914,000 
1,005*300 
I,1O2,50O 
1,205,800 

1*3 15*400 
1,431,400 
1,554,000 
1,683,400 
1,810,900 

^963*500 

2,114,500 
2,273,000 
2,439,300 
2,613,400 
3,795,700 
2,986,300 
2,185,200 
3,392,900 



2,160 

4,220 

7,290 

11,57^ 

17,28o 

24,600 
3&7O0 

44*9°° 

58,300 

74,100 
92*600 

1 13*900 

138,200 

165,800 

196,800 

231.500 

270*000 

312,500 

359.300 

410,600 

466,500 

527,300 

593,100 

664,200 

740,800 

823,000 

91 1, 200 

1,005,300 

1,105,800 

1,212,800 

1,326,400 

1,446,900 

i*574*5oo 

1,709,400 

1,851,800 

2,001,900 

2, E59,ooo 

2,325,900 

2,500,200 

2,683,200 

2,874,800 

3,075,400 

3,284,800 

3i5o3*7oo 

3,732,190 



2,45*^ 
4*79*= 

8,2ft< 

13,2c**: 
19,6cm: 
28,00c 
38,4c** 
51,00c 
66,300 
84*300 
105,2*00 
129,400 
157,100 
188,400 
223,700 
263,000 
306,800 
355* 20> 
403,300 
466,600 
530,200 

59912°° 
674*000 

754.S*o 
841,900 

935>3°° 
1*035,4^ 
1,142*50° 
1,256,600 

i,37«*30o 

i,5°7*3°° 
1,644,200 
1,789,200 
1,943,500 
2,104,3°° 
2,274,5°° 
2,454,40° 

2,643* t0 ° 
2,841*200 

3,266,800 
3*494*8°° 
3*73^^ 
3,981,5°° 
4,241,3°° 



(6) Shearing. — The vertical shear at any section of the pin $ 
the algebraic sum of the vertical stresses to the left of that section. 
Similarly, the horizontal shear at the section considered is the 
algebraic sum of the horizontal stresses to the left of that section. 
Then, the resultant shear upon the section is the square root of 
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the sum of the squares of the vertical and horizontal shears, as 
above. Thus, the shears are at : 

Member No. j : 

Horizontal = P x — PJi = H.S % \ 

Vertical = o + P 2 v = V.S Z ; 



Resultant = VH.S* + V.S? = R.S y 

While, in a cylindrical section, the maximum is £ the mean shear- 
ing stress (p. 182), it is usual to consider the shearing stress on 
pins as uniformly distributed over the cross-section. Again, since 
the bars are in pairs, the pin may be considered as under double 
shear. Hence, for one pair of bars : v 

S.-2R.S./1.7SW/4), 

in which R.S. is the maximum resultant shear, as above, d is the 
diameter required to withstand that shear, and S M is a unit work- 
ing shearing stress which is low enough to permit, with safety, 
the excess of maximum over mean stress. 

(c) Bearing, — The ranges of permissible bearing pressure and 
shearing stress have been given previously (p. 224). 

(d) Proportions, — Table LXXV. gives the proportions of pins 
with Lomas nuts and Table LXXVI. of pins with cotters. The 
latter are used with pins of small diameters only. The former are 
preferable, since the nut is recessed and bears only on its periph- 
ery. This allows the body of the pin to enter it and enables it to 
be set up tightly when the aggregate thickness of the members 
with the allowances is not equal to the estimated grip of the pin. 

{e) Eyebars, — The proportions of plain and adjustable eye-bars 
are given in Table LXXVII. 

{/) Specifications, — The following extracts, referring to pin- 
joints, are taken from the specifications of the American Bridge 
Company for steel railroad bridges. The specifications for rivet, 
soft, and medium steel are given on page 219. 

" Pins made of either of the above mentioned grades of steel shall, on specimen test- 
pieces cut from finished material, fill the requirements of the grade of steel from which 
they are rolled, excepting the elongation, which shall be decreased 5 per cent from 
that specified. 

" Pins up to 7 inches diameter shall be rolled. 
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Table LXXV. 

Pins with Lomas Nuts. 
(American Bridge Co.) 




Note. — To obtain grip G add ^ for each bar, together with amount given In table. 
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" Pins exceeding 7 inches diameter shall be forged under a steel hammer striking a 
blow of at least 5 tons. The blooms to be used for this purpose shall have at least 
three times the sectional area of the finished pins. 

"All pins shall be accurately turned to a gauge, and shall be straight and smooth. 

" The clearance between pin and pin-hole shall be ^ f of an inch for all lateral pins ; 
and for truss pins the clearance shall be Y V °f an * nc h *° r P* ns Z X A inches in diameter, 
which amount shall be gradually increased to ^ of an inch for pins 6 inches in diameter 
and over. 

"All pins shall be supplied with steel pilot nuts, for use during erection. 

11 All pin-holes shall be reenforced by additional material when necessary, so as not to 
exceed the allowed pressure on the pins. These reenforcing plates must contain enough 
rivets to transfer the proportion of pressure which comes upon them, and at least one 
plate on each side shall extend not less than 6 inches beyond the edge of the tie plate. 

" Pin-holes shall be bored truly parallel with one another and at right angles to the 
axis of the member unless otherwise shown in drawings ; and in pieces not adjustable 
for length, no variation of more than ^ of an inch for every 20 feet will be allowed in 
the length between centres of pin-holes. 

The permissible shearing strain and bearing pressure are given 
on page 226. 

" The bending strain on the extreme fibre of pins shall not exceed 22,000 pounds per 
square inch for soft steel and 25,000 per square inch for medium steel, when centres of 
bearings of the strained members are taken as the points of application of the strains. 



Table LXXVI. 

Pins with Cotters. 
(American Bridge Co.) 

M. 
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Head. 
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If 
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4 
5 

S 

6 
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over AH, 

M 



For Length 
under Head, 



r 



Note. — Use pins with Lomas nuts in preference to cotter pins whenever possible. 
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Table LXXVII. 

Eyebars.* 
(American. Bridge Co,) 




0ao'/v/9r r. 



J7ajusr#3i.£.> 
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♦Note. — Eye-bars are hydraulic forged, and will develop the full strength of the bar, 
under conditions given in the above table, when tested to destruction. The maximum 
sizes of pins given in the above table allow an excess in sectional area of head on lines 
" SS " over that of the body of the bar of 33 per cent, for diameter of pins, not larger 
than the width of the bar and 36 per cent, for pins of larger diameter than the width 
of the bar. 

" Full size test of steel eye-bars shall be required to show not less than 10 per cent, 
elongation in the body of the bar, and tensile strength not more than 5,000 pounds 
below the minimum tensile strength required in specimen tests of the grade of steel from 
which they are rolled. The bars will be required to break in the body, but should a 
bar break in the head, but develop 10 per cent, elongation and the ultimate strength 
specified, it shall not be cause for rejection, provided not more than one third of the 
total number of bars tested break in the head ; otherwise the entire lot will be rejected. 

" The heads of eye-bars shall not be less in strength than the body of the bar. 

"The heads of eye-bars shall be made by upsetting, rolling, or forging into shape. 
Welds in the body of the bar will not be allowed. 

" The bars must be perfectly straight before boring. . 

" The holes shall be in the centre of the head and on the centre, line of the bar. 

" All eye-bars, shall be annealed. L 

" Bars which are to be placed side by side in the structure shall be bored at the same 
temperature, and shall be of such equal length that, upon being piled on each other, 
the pins shall pass through the holes at both ends at the same time without driving." 
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APPENDIX. 

Page 20. In many shops, a custom — and a good one — obtains 
of covering the exposed parts of shafts of twin-screw steamers 
with ratline laid in paint, when the shafts are not cased with brass. 

The use of pins or tap-rivets as an aid in holding shaft casings 
does not meet with universal approval, the argument against them 
being that, if the shrinkage of the casing does not fully secure the 
latter, no pins will ; and, further, that often the putting in of the 
pins tends to loosen the casing. 

Page 34. The expression, 

2R? ' ° 

is simply the value of P x obtained from the third equation of (27) 
by making P Q , in that equation, equal to zero. 

Page 260. The " Flat Key " is the type used almost exclusively 
in marine work. 
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Bach, experiments on joint friction, 187 

lap-riveting, 181 

length of rivet-shank, 189 

riveting temperature, 188 
Bands, thin, shrinkage formulae, 3 
Boiler-braces, 275 

seams, longitudinal, circumferential, 
helical, 139 
Bolt-blanks, no 

-heads, stresses, 51 

heading and forging machine, 1 10 

heads, manufacturers' standard, 53 

-threads, cold-rolling process, 1 14 
Bolts and nuts, U. S. Standard (Sellers), 50 
U. S. Navy, 52 
Whitworth, 55 

rods for, U. S. Naval Specifications, 
114 

stresses, 71 
Braces, boiler, 275 

tests, 277 

Calking, effect on joint-friction, 190 
Cone-coupling, Sellers, 255 
Cotters, bolted strap end, 268 

connecting rod, 267 

crosshead, 266 

driving force, 272 

forms, 265 

friction, 273 

maximum taper, 273 

piston, 265 

pump-rod, 266 

split-pins, 283 

stresses, 270 

taper-pins, 268 
Crank-shaft, 22 
Cylinders, thick, shrinkage and pressure 

formulae, 4 



Dies, 135 

Drilled holes, 136 

Drilling vs. punching, tests, 137, 138 



Engines, marine, 19, 22, 23 

shrinkage and pressure 

joints, 19, 23 
keys, 260 
stationary, 259 
keys, 260 
Eye-bars, proportions, 281, 284 
specifications, 281 
stresses, 277 
tests, 277 

Friction, calking, effect on, 190 

coefficients of, 9, 13, 87 

cotters, 273 

keys, 254, 264 

of riveted joints, 187 

of support, screws, 89 

plate, 130 

rivet-heads, 130 

screw, 82 

-threads, 44, 57, 82, 87, 89 
Furnace, shrinkage, 39 

Gib and key, 267 
" Grooved " specimens, 75 
Gun, breech-block, 67 
•construction, 36 

shrinkage in, 27 

expansion, shrinkage, clearance, 

41 
16-in. B. L. R., U. S. A., 36 
radii of cylinders, 35 
relative shrinkages 32 
shrinkage formulae, 29 

-furnace, 39 

-pit, 40 
Stockett system, breech-mechanism, 38 



Heading and forging machine, no 
Hull-work, Am. Bureau of Shipping, 245 
laps and straps, 243 
plating, thickness, 246 
proportions of seams, 239, 247 
punching, drilling, riveting, 245 
287 
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Hull-work, rivet-metals, 238 
riveted joints, 235 
rivets, proportions, 237, 241, 
spacing of rivets, 244 
U. S. Naval practice, 237 

Key, gib and, 267 
Keys, Blanton fastening, 255 
cone, 255 
crushing stress, 262 

feather, 252, 257 

flat, 252, 257 

forms, 251 

friction, 254 

Kernaul, 254 

machine-tools, 258 

marine engine work, 260 

on the flat, 256 

Peters system, 253 

pin-, 254 

propeller-, 261 

proportions, 257 

quartering, 253 

roller, 255 

saddle, 254 

shafting, 258 

shearing stress, 262 

square, 251, 257 

stationary engine work, 259 

stresses on, 261 
from, 265 

sunk, 251 

through, see "Cotters" 

Woodruff, 253 
Key-ways, milling cutters, 259 

Nuts, blanks, 112 

bursting stress, 94 
circular, 52 
check, 118 
cold-punched, 112 
collar, 121 
elastic, 120 

forgings, U. S. N., 116 
hot-pressed, manufacturers' 

53 

lock-plates, 123 

locks, 118 

Excelsior double, 123 
Harvey grip, 121 
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standard, 



Nuts, locks, Jones tie-bar, 123 

self-locking threads, 121, 122 

set screws, 120 

split pins, 123 

Verona, 122 
Lomas, 282 

materials, U.S.N., 114, 116 
methods of manufacture, 112 
round, slotted, 54 
self-locking, 121 
Sellers system, 51 

stresses, 46, 51, 94 
tapping machine, 1 14 
threading and tapping, 112 
washers, national lock, 122 

spring, 122 
Wiles lock, 120 

Pin-joints, 274 
Pins, bending moment, 280 
stress, 276, 278 
proportions, 281, 282, 283 
shearing stress, 276, 280 
split, 268, 283 
structural* work, 278 
taper, 268 

with Lomas nuts, 282 
Pipe, spiral riveted, 141 

-threads, Briggs' standard, 71 
Pit, shrinkage, 40 

Plate, boiler, 132, 207, 210, 215, 216 
flange, 229 

ship, 131, 237, 242, 246, 250 
structural, 131 
web, 231 
girder, 226 

perforated, tensile strength, 134 
Pressure joints (press fits), B. F. Stuxte- 
vant Co., 17 
Buffalo Forge Co., 18 
character of surfaces, 13 
coefficients of friction, 13 
forcing pressure, 8, 13 
form, 12, 24 

Lane and Bodley Co., 17 
length, 10 

marine engines, 19, 23 
metals, 12 
proportions, 9 
railway work, 24 
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Pressure joints (press fits), resistance to 
slip, 8 
Russell Engine Co., 17 
slip-resistance vs. rotating 

force, 9 
stationary engines, 16 
stresses and allowances, 6, 

xo, 24 
summary of practice, 19 
thick cylinders, 4, 6 
thickness, 11 

of hub, 8 
wheel fits, 25 
press, 25 
Punches, 135 
Punching, effect of, 136 
vs. drilling, 137 

Railway-work, shrink and press fits, 24 
Riveted joints, Am. Boiler M'fr's Asso'n, 
215 
Baldwin Locomotive Works, 210 
bearing pressure, 157 
bending stress, 185 
boilers, percentage strength of, 172 
butt, 152, 161, 164, 190, 192 
efficiencies, 163 
straps, I73» x 75 
unequal straps, 153, 164 
elements, 142 
forms, 141 
friction, 187 
general formulae, 170 
Hartford Steam Boiler Insp. and 

Ins. Co., 216 
hulls, 235 

lap, 154, I5°> 158, 159, 160, I 6 * 
laps and straps, 243 
location, 205, 213, 249 
locomotive boilers, 210 
manner of failure, 143 
marine boilers, 205 
plates, stresses upon, 186 
bending stress, 185 
of unequal thickness, 176"- 
proportions, 207, 211 

of seams, 239 
punching vs. drilling, 138 
U. S. Board of Supervising In 
spectors, 209 



Riveted joints, shearing strength, 134 
stationary boilers, 215 
theoretical strength, 154 
stresses, 171, 178 
structural work, 219 
tests, 192 

U. S. N. practice, 237 
Riveted members, stresses in, 224 
Riveter, hydraulic, 202 

pneumatic, 203 
Riveting, chain and staggered, 151, 174 
group, 154, 168 

hand, frictional resistance in, 131 
hydraulic, 202 
machine, 190 
machines, 200, 202 
multiple, 146 
pneumatic, 202 
punching and riveting, 223 
spacing, 221 
structural, 231 
temperature, 187 
U. S. N. specifications, 245 
Rivets, American Iron and Steel Manufac- 
turing Company, 128 
bearing value, 25 
blanks, 128 

diameter, 145, 172, 207, 219, 237, 242 
heads, 127, 128, 129, 207, 211, 215, 

220, 237, 241 
holes, 134, 136, 138, 142, 215 
margin and lap, 149 
metals, 114, I3 1 * 2o6 » 2IO » 2I 9» 

236, 237 
number of rows, 189 
proportions, 127, 207, 219, 237 
pitch, 147, I49» l 1 2 > 173 
diagonal, 147, 173 
transverse, 143, 149 
points, 127, 220, 237, 241 
shank, 130, 188 
bearing stress, 185 
bending stress, 181 
shearing stress, 182 
tensile stress, 180 
Victor, 128, 132 
weight, 209 

Screw-bolts, armor, 66, 109 

combined stresses upon, 90, 102 
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Screw-bolts, cross-shear, 91 

efficiency, 101 

eye, 106 

friction of support, 89 

as grooved specimens, 75 

beading machine, no 

loss of axial strength, 99 

methods of manufacture, 1 10 

materials, 114, 117 

resilience, 57, 81 

safe loads, 103 

shaft-couplings, 91 

stay, 106, 108, 117 

studs, 104 

tap, 103, 104, 105 

tension, static, 74, 

sadden load or impact, 79 

threading, 112 
tool, 113 

types, 103 
Screws, geometry of, 42 

machine, 68 

wood, 68 

set, 104, 105, 120 
Screw-threads, bearing pressure, 73 
surface, 56 

Briggs', 71 

Bristol Association Standard, 59 

buttress, 65 

:old-pressed, 78 

density of, 78 

diameter, 51 

durability, 57 

elements of, 45 

forms, 43, 46, 51 

French standard, 57 

friction of, 44, 57, 82, 87, 89 

friction, coefficients of, 87 

international Standard, 59 

interrupted, 67 

knuckle, 65 

lubricants, 87 

modified triangular, 67 

multiple, 47 

pitch, 46,51 

reinforcing action of, 75 

requirements, 45 

rupture, 72 

sharp V, 54 

special, 65 



Screw-threads, square, 61 

Newport News S. B- and D. D. 

Co., 62 
Sellers, 61 
strength, 44, 56 
stress-ratio, 73 
stripping, 56, 72 
Swiss system, 59 
tensile strength, 56 
tests, 87 
torsion, 83 

triangular vj. square, 44 
U. S. Standard (Sellers), 47 

modified, 51 
V, Sellers, Whitworth, compared, 56 
#-V, 62 

Acme standard, 64 

Newport News S. B. and D. D. 

Co., 64 
Sellers, 63 
Whitworth, 55 
Sellers thread, 47 
Shaft-casings, 20, 22, 24 

-couplings, 91 
Shafts, marine engine, 22 
Shell-sheets, thickness, 177 
Shrinkage, formulae, guns, 29, 41 
thick cylinders, 4 
thin bands, 3 
guns, radii of cylinders, 35 
in gun construction, 27 
stresses and strains, guns, 30 
vs. pressure fits, Wilmore, 15 
tires, 25 
Shrinkage joints (fits), B. F. Sturtevant 
Co., 18 
Buffalo Forge Co., 18 
form, 12, 24 
length, 10 
marine engines, 19, 22, 23 

crank-shafts, 22 
metals, 12 

Midvale Steel Company, 22 
proportions, 9 
railway work, 24 
resistance to slip, 8 
Russell Engine Company, 17 
shaft-casings, 20, 22, 24 
slip-resistance vs. rotating 
force, 9, 15 • 
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** ^c age joints (fits), stresses and allow- 
ances, 6, 10, 24 

summary of practice, 19 

thickness, 8, 11 

thin bands, 3 

tires, 25 

Union Iron Works, 23 
**xlcages, relative, guns, 32 
& 1> American standard specifications, 131 
"boiler, 132, 194, 195, 215 

>X)ltS, II4 

T)ridge, 131 

xuts, 116 

rivet, 114, 132, 206, 210, 219, 237 
238 

ship, 131, 237 

structural, 131, 219 
*fteners, web, 231, 233 
**esses and allowances, 6, 10, 24 
strains, guns, 30 

bolt-heads, 51 

bolts, 71 

bursting, nuts, 94 

cotters, 270 

eye-bars, 277 

from keys, 263 

in riveting, 168 

nuts, 46, 51, 94 

on keys, 261 



Stresses on keys, plates, 185 
riveted joints, 171, 178 

members, 224 
rivets, 180, 181, 182, 183 
screw-threads, 73 
Structural work, bolts, 234 

distribution of stresses, 226 
flange-area, angles, flange-plates, 

229 
moments, vertical shear, flange- 
stress, 228 
riveting, 231 
stiffeners, 231, 233 
web-plate, 231 
Studs, 103 

cylinder-head, 92, 94 
metal, u! S. N„ 114 

Temperature, riveting, 187 

shrinkage, 14 
Tires, shrinkage, 25 

Washers, 122 
Web-plates, 231 
Whitworth thread, 55 
Wheel-fits, 25 

press, 25 

tires, 25 
Wood screws, 68 
Wrenches, 100, 124, 125 
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Sanitary Plumbing and Drainage 8vo, 

Haskins, C. H. The Galvanometer and Its Uses i6mo, 

Hatt, J. A. H. The Colorist square nmo, 

Hausbrand, E. Drying by Means of Air and Steam. Trans, by A. C. 

Wright nmo, *2 00 

Evaporating, Condensing and Cooling Apparatus. Trans, by A. C. 

Wright 8vo, *5 00 

Hausner, A. Manufacture of Preserved Foods and Sweetmeats. Trans. 

by A. Morris and H. Robson 8vo, *3 00 
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Hawke, W. H. Premier Cipher Telegraphic Code. . 4to, *5 oo 

—- — - 100,000 Words Supplement to the Premier Code 4to, *5 00 

Hawkesworth, J. Graphical Handbook for Reinforced Concrete Design. 

4to, *2 50 



2 50 



^ay, A. Alternating Currents 8vo, 

" ■ — Principles of Alternate-current Working i2mo, 2 00 

— ■ — Electrical Distributing Networks and Distributing Lines 8vo, *3 50 

— - — Continuous Current Engineering 8vo, *2 50 

^eap, Major D. P. Electrical Appliances 8vo, 2 00 

Heaviside, O. Electromagnetic Theory. Two Volumes 8vo, each, *5 00 

Heck, R. C. H. Steam-Engine and Other Steam Motors. Two Volumes. 

Vol. I. Thermodynamics and the Mechanics 8vo, *3 50 

Vol. II. Form, Construction, and Working 8vo, *5 00 

"-- Abridged edition of above volumes (Elementary) 8vo (In Preparation.) 

Notes on Elementary Kinematics 8vo, boards, *i 00 

~~ Graphics of Machine Forces 8vo, boards, *i 00 

Hedges, K. Modern Lightning Conductors 8vo, 3 00 

££eermann, P. Dyers' Materials. Trans, by A. C. Wright 12 mo, *2 50 

IJellot, Macquer and D'Apligny. Art of Dyeing Wool, Silk and Cotton. 

8vo, *2 00 

Senrici, O. Skeleton Structures 8vo, 1 50 

Hermann, F. Painting on Glass and Porcelain 8vo, *3 50 

l3errmann, G. The Graphical Statics of Mechanism. Trans, by A. P. 

Smith 1 2 mo, 2 00 

Kerzfeld, J. Testing of Yarns and Textile Fabrics 8vo, *3 50 

Hildebrandt, A. Airships, Past and Present 8vo, *3 50 

Xlildenbrand, B. W. Cable-Making. (Science Series No. 32.) i6mo, o 50 

Bill, J. W. The Purification of Public Water Supplies. New Edition. (In Press.) 

- Interpretation of Water Analysis (In Press.) 

Hiroi, I. Plate Girder Construction. (Science Series No. 95.) i6mo, o 50 

— Statically-Indeterminate Stresses i2mo, *2 00 

Hirshfeld, C. F. Engineering Thermodynamics. (Science Series No. 45.) 

i6mo, o 50 

Hobart, H. M. Heavy Electrical Engineering 8vo, *4 50 

Electricity 8vo, *2 00 

Electric Trains 8vo, *2 50 

Hobbs, W. R. P. The Arithmetic of Electrical Measurements 12 mo, o 50 

Hoff, J. N. Paint and Varnish Facts and Formulas i2mo, *i 50 

Hoff, Com. W. B. The Avoidance of Collisions at Sea. . . i6mo, morocco, o 75 

Hole, W. The Distribution of Gas 8vo, *7 50 

Holley, A. L. Railway Practice folio, 12 00 

Holmes, A. B. The Electric Light Popularly Explained .... i2mo, paper, o 50 

Hopkins, N. M. Experimental Electrochemistry 8vo, *3 00 

• Model Engines and Small Boats i2mo, 1 25 

Hopkinson, J. Shoolbred, J. N., and Day, R. E. Dynamic Electricity. 

(Science Series No. 71.) i6mo, o 50 

Horner, J. Engineers' Turning 8vo, *3 50 

Metal Turning i2mo, 1 50 

Toothed Gearing i2mo, 2 25 

XJoughton, C. E. The Elements of Mechanics of Materials i2mo, *2 00 

Sloullevique, L. The Evolution of the Sciences 8vo, *2 00 
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Howe, G. Mathematics for the Practical Man nmo, *i 25 

Howorth, J. Repairing and Riveting Glass, China and Earthenware. 

8vo, paper, *o 50 

Hubbard, E. The Utilization of Wood- waste 8vo, *2 50 

Humber, W. Calculation of Strains in Girders nmo, 2 50 

Humphreys, A. C. The Business Features of Engineering Practice. . 8vo, *i 25 

Hurst, G. H. Handbook of the Theory of Color . 8vo, *2 50 

Dictionary of Chemicals and Raw Products 8vo, *3 00 

Lubricating Oils, Fats and Greases 8vo, *3 00 

Soaps 8vo, *5 00 

Textile Soaps and Oils 8vo, *2 50 

Hurst, H. E., and Lattey, R. T. Text-book of Physics 8vo, *3 00 

Hutchinson R. W., Jr. Long Distance Electric Power Transmission . nmo, *3 00 
Hutchinson, R. W., Jr., and Ihlseng, M. C. Electricity in Mining. . nmo, 

(In Press) 
Hutchinson, W. B. Patents and How to Make Money Out of Them. 

nmo, 

Hutton, W. S. Steam-boiler Construction 8vo, 

Practical Engineer's Handbook 8vo, 

The Works' Manager's Handbook . 8vo, 

Hyde, E. W. Skew Arches. (Science Series No. 15.) i6mo, 

Induction Coils. (Science Series No. 53.) i6mo, 

Ingle, H. Manual of Agricultural Chemistry 8vo, 

Innes, C. H. Problems in Machine Design i2mo, 

Air Compressors and Blowing Engines i?mo, 

Centrifugal Pumps nmo, 

The Fan ' nmo, 

Isherwood, B. F. Engineering Precedents for Steam Machinery 8vo, 

Ivatts, E. B. Railway Management at Stations 8vo, 

Jacob, A., and Gould, E. S. On the Designing and Construction of 

Storage Reservoirs. (Science Series No. 6.) i6mo, 

Jamieson, A. Text Book on Steam and Steam Engines 8vo, 

Elementary Manual on Steam and the Steam Engine nmo, 

Jannettaz, E. Guide to the Determination of Rocks. Trans, by G. W. 

Plympton nmo, . 

Jehl, F. Manufacture of Carbons 8vo, 

Jennings, A. S. Commercial Paints and Painting. (Westminster Series.) 

8vo (In Press.) 

Jennison, F. H. The Manufacture of Lake Pigments 8vo, 

Jepson, G. Cams and the Principles of their Construction 8vo, 

Mechanical Drawing 8vo (In Preparation.) 

Jockin, W. Arithmetic of the Gold and Silversmith nmo, 

Johnson, G. L. Photographic Optics and Color Photography 8vo, 

Johnson, W. H. The Cultivation and Preparation of Para Rubber. . .8vo, 

Johnson, W. McA. The Metallurgy of Nickel (In Preparation.) 

Johnston, J. F. W., and Cameron, C. Elements of Agricultural Chemistry 

and Geology 12 mo, 2 60 

Joly, J. Raidoactivity and Geology 12 mo, *3 00 

Jones, H. C. Electrical Nature of Matter and Radioactivity nmo, *2 00 
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Jones, M. W. Testing Raw Materials Used in Paint nmo, *2 oo 

Jones, L., and Scard, F. I. Manufacture of Cane Sugar 8vo, *5 oo 

Joy, G. A., and Thiess, J. B. Toll Telephone Practice (In Press.) 

Joynson, F. H. Designing and Construction of Machine Gearing. . . 8vo, 2 00 

Juptner, H. F. V. Siderolbgy: The Science of Iron 8vo, *5 00 

Kansas City Bridge 4to, 6 00 

Kapp, G. Alternate Current Machinery. (Science Series No. 96.) . i6mo, o 50 

Dynamos, Motors, Alternators and Rotary Converters. Trans, by 

H. H. Simmons 8vo, 4 00 

Electric Transmission of Energy i2mo, 3 50 

Keim, A. W. Prevention of Dampness in Buildings 8vo, *2 00 

Keller, S. S. Mathematics for Engineering Students. i2mo, half leather. 

Algebra and Trigonometry, with a Chapter on Vectors *i 75 

Special Algebra Edition *i 00 

Plane and Solid Geometry *i 25 

Analytical Geometry and Calculus *2 00 

Kelsey, W. R. Continuous-current Dynamos and Motors 8vo, *2 50 

Kemble, W. T., and Underhill, C. R. The Periodic Law and the Hydrogen 

Spectrum 8vo, paper, *o 50 

Kemp, J. F. Handbook of Rocks 8vo, *i 50 

Kendall, E. Twelve Figure Cipher Code 4to, *i5 00 

Kennedy, A. B. W., and Thurston, R. H. Kinematics of Machinery. 

(Science Series No. 54.) i6mo, o 50 

Kennedy, A. B. W., Unwin, W. C, and Idell, F. E. Compressed Air. 

(Science Series No. 106.) i6mo, o 50 

Kennedy, R. Modern Engines and Power Generators. Six Volumes. 4to, 1500 

Single Volumes each, 3 00 

Electrical Installations. , Five Volumes 4to, 15 00 

Single Volumes each, 3 50 

Flying Machines; Practice and Design i2mo, *2 00 

Kennelly, A. E. Electro-dynamic Machinery 8vo, 1 50 

Kent, W. Strength of Materials. (Science Series No. 41.) i6mo, o 50 

Kershaw, J. B. C. Fuel, Water and Gas Analysis 8vo, *2 50 

Electrometallurgy. (Westminster Series.) 8vo, *2 00 

Kershaw, J. B. C. The Electric Furnace in Iron and Steel Production. 

1 2 mo, *i 50 

Kingdon, J. A. Applied Magnetism 8vo, *3 00 

Kinzbrunner, C. Alternate Current Windings 8vo, *i 50 

Continuous Current Armatures 8vo, *i 50 

Testing of Alternating Current Machines 8vo, *2 00 

Kirkaldy, W. G. David Kirkaldy's System of Mechanical Testing 4to, 10 00 

Kirkbride, J. Engraving for Illustration 8vo, *i 50 

Kirkwood, J. P. Filtration of River Waters 4to, 7 50 

Klein, J. F. Design of a High-speed Steam-engine 8vo, *5 00 

Physical Significance of Entropy 8vo, *i 50 

Kleinhans, F. B. Boiler Construction 8vo, 3 00 

Knight, Lieut.-Com. A. M. Modern Seamanship 8vo, *6 00 

Half morocco *7 50 

Knox, W. F. Logarithm Tables (In Preparation.) 

Knott, C. G., and Mackay, J. S. Practical Mathematics 8vo, 2 00 
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Koester, F. Steam-Electric Power Plants 4to, *5 oo 

Hydroelectric Developments and Engineering 4to, *5 oo 

Koller, T. The Utilization of Waste Products 8vo, *3 50 

Cosmetics 8vo, *2 50 

Krauch, C. Testing of Chemical Reagents. Trans, by J. A. Williamson 

and L. W. Dupre 8vo, *3 00 

Lambert, T. Lead and its Compounds 8vo, *3 50 

Bone Products and Manures 8vo, *3 00 

Lamborn, L. L. Cottonseed Products 8vo, *3 00 

Modern Soaps, Candles, and Glycerin 8vo, *7 50 

Lamprecht, R. Recovery Work After Pit Fires. Trans, by C. Salter . . 8vo, *4 00 
Lanchester, F. W. Aerial Flight. Two Volumes. 8vo. 

VoL I. Aerodynamics *6 00 

VoL II. Aerodonetics *6 00 

Lamer, E. T. Principles of Alternating Currents nmo, *i 25 

Larrabee, C. S. Cipher and Secret Letter and Telegraphic Code i6mo, o 60 

La Rue, B. F. Swing Bridges. (Science Series No. 107.) i6mo, o 50 

Lassar-Cohn, Dr. Modern Scientific Chemistry. Trans, by M. M. Patti- 

son Muir 12 mo, *2 00 

Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent Electric 

Lighting. (Scienoe Series No. 57.) i6mo, o 50 

Latta, M. N. Handbook of American Gas-Engineering Practice 8vo, *4 50 

American Producer Gas Practice 4to, *6 00 

Leask, A. R. Breakdowns at Sea i2mo, 2 00 

Triple and Quadruple Expansion Engines i2mo, 2 00 

Refrigerating Machinery 12 mo, 2 00 

Lecky, S. T. S. " Wrinkles " in Practical Navigation 8vo, *8 00 

Le Doux, M. Ice-Making Machines. (Science Series No. 46.) i6mo, o 50 

Leeds, C. C. Mechanical. Drawing for Trade Schools oblong 4to, 

High School Edition *i 25 

Machinery Trades Edition *2 00 

Lefe*vre, L. Architectural Pottery. Trans, by H. K. Bird and W. M. 

Binns 4to, *7 50 

Lehner, S. Ink Manufacture. Trans, by A. Morris and H. Robson . . 8 vo, *2 50 

Lemstrom, S. Electricity in Agriculture and Horticulture 8vo, *i 50 

Le Van, W. B. Steam-Engine Indicator. (Science Series No. 78.) . i6mo, o 50 

Lewes, V. B. Liquid and Gaseous Fuels. (Westminster Series.) 8 vo, *2 00 

Lieber, B. F. Lieber's Standard Telegraphic Code 8vo, *io 00 

Code. German Edition 8vo, *io 00 

Spanish Edition 8vo, *io oc 

French Edition 8vo, *ioc 

— — Terminal Index 8vo, *2 5 

Lieber's Appendix folio, *i5 c 

Handy Tables 4to, *2 

Bankers and Stockbrokers* Code and Merchants and Shippers* Blank 

Tables 8vo, *i5 

100,000,000 Combination Code 8vo, *i5 

— Engineering Code 8vo, *ic 

Li verm ore, V. P., and Williams, J. How to Become a Competent Motor- 
man i2mo, * 
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Livingstone, R. Design and Construction of Commutators 8vo, *2 25 

Lobben, P. Machinists' and Draftsmen's Handbook 8vo, 2 50 

Locke, A. 6. and C. 6. Manufacture of Sulphuric Acid 8vo, 10 00 

Lockwood, T. D. Electricity, Magnetism, and Electro-telegraph. 

8vo, 2 50 

Electrical Measurement and the Galvanometer. . . , i2mo, 1 50 

Lodge, 0. J. Elementary Mechanics i2mo, 1 50 

Signalling Across Space without Wires 8vo, *2 00 

Lord, R. T. Decorative and Fancy Fabrics 8vo, *3 50 

Loring, A. E. A Handbook of the Electromagnetic Telegraph. i6mo, o 50 

Handbook. (Science Series No. 39.) i6mo, o 50 

Lowenstein, L. C, and Crissey, C. P. Centrifugal Pumps. . . . (In Press.) 

Lucke, C. E. Gas Engine Design 8vo, *3 00 

Power Plants: their Design, Efficiency, and Power Costs. 2 vols. 

(In Preparation.) 

Power Plant Papers. Form I. The Steam Power Plant paper, *i 50 

Lunge, G. Coal-tar and Ammonia. Two Volumes 8vo, *is 00 

Manufacture of Sulphuric Acid and Alkali. Three Volumes 8vo, 

Vol. I. Sulphuric Acid. In two parts *I5 00 

Vol. II. Salt Cake, Hydrochloric Acid and Leblanc Soda. In two 

parts *I5 00 

Vol. IH. Ammonia Soda *I5 00 

Technical Chemists' Handbook i2mo, leather, *3 50 

Technical Methods of Chemical Analysis. Trans, by C. A. Keane. 

in collaboration with the corps of specialists. 

Vol. I. In two parts 8vo, *I5 00 

Vols, n and III (In Preparation.) 

Lupton, A., Parr, G. D. A., and Perkin, H. Electricity as Applied to 

Mining 8vo, *4 50 

Luquer, L. M. Minerals in Rock Sections 8vo, *i 50 

Macewen, H. A. Food Inspection 8vo, *2 50 

Mackenzie, N. F. Notes on Irrigation Works 8vo, *2 50 

Mackie, J. How to Make a Woolen Mill Pay 8vo, *2 00 

Mackrow, C. Naval Architect's and Shipbuilder's Pocket-book. 

i6mo, leather, 5 00 

Maguire, Capt. E. The Attack and Defense of Coast Fortifications. . 8vo, 2 50 

Maguire, Wm. R. Domestic Sanitary Drainage and Plumbing 8vo, 4 00 

Mallet, A. Compound Engines. Trans, by R. R. BueL (Science Series 

No. 10.) i6mo, 

Mansfield, A. N. Electro-magnets. (Science Series No. 64.) i6mo, o 50 

Marks, E. C. R. Construction of Cranes and Lifting Machinery i2mo, *i 50 

Construction and Working of Pumps i2mo, *i 50 

Manufacture of Iron and Steel Tubes 12 mo, *2 00 

Mechanical Engineering Materials 12 mo, *i 00 

Marks, G. C. Hydraulic Power Engineering 8vo, 3 50 

Inventions, Patents and Designs i2mo, *i 00 

Markham, E. R. The American Steel Worker i2mo, 2 50 

Marlow, T. G. Drying Machinery and Practice 8vo, *5 00 

Marsh, C. F. Concise Treatise on Reinforced Concrete 8vo, *2 50 

Marsh, C. F., and Dunn, W. Reinforced Concrete 4to, *5 00 
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Marsh, C. F., and Dunn, W. Manual of Reinforced Concrete and Con- 
crete Block Construction i6mo, morocco, *2 50 

Massie, W. W., and Underhill, C. R. Wireless Telegraphy and Telephony. 

i2mo, *i 00 
Matheson, D. Australian Saw-Miller's Log and Timber Ready Reckoner. 

1 2 mo, leather, 

Mathot, R. £. Internal Combustion Engines 8vo, 

Maurice; W. Electric Blasting Apparatus and Explosives 8vo, 

Shot Firer's Guide 8vo, 

Maxwell, J. C. Matter and Motion. (Science Series No. 36.) i6mo, 

Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal and Sani- 
tary Engineering 4to, 

Mayer, A. M. Lecture Notes on Physics 8vo, 

McCullough, R. S. Mechanical Theory of Heat 8vo, 

Mcintosh, J. G. Technology of Sugar 8vo, 

Industrial Alcohol. •. 8vo, 

Manufacture of Varnishes and Kindred Industries. Three Volumes. 

8vo. 

Vol. I. Oil Crushing, Refining and Boiling *3 50 

Vol. II. Varnish Materials and Oil Varnish Making *4 00 

Vol. HI (In Preparation.) 

McKnight, J. D., and Brown, A. W. Marine Multitubular Boilers *i 50 

McMaster, J. B. Bridge and Tunnel Centres. (Science Series No. 20.) 

i6mo, o 50 

McMechen, F. L. Tests for Ores, Minerals and Metals i2mo, *i 00 

McNeill, B. McNeill's Code 8vo, *6 00 

McPherson, J. A. Water- works Distribution 8vo, 2 50 

Melick, C. W. Dairy Laboratory Guide i2mo, *i 25 

Merck, E. Chemical Reagents; Their Purity and Tests 8vo, *i 50 

Merritt, Wm. H. Field Testing for Gold and Silver i6mo, leather, 1 50 

Meyer, J. G. A., and Pecker, C. G. Mechanical Drawing and Machine 

Design 4to, 5 00 

Michell, S. Mine Drainage 8vo, 10 00 

Mierzinski, S. Waterproofing of Fabrics. Trans, by A. Morris and H. 

Robson 8vo, *2 50 

Miller, E. H. Quantitative Analysis for Mining Engineers 8vo, *i 50 

Miller, G. A. Determinants. (Science Series No. 105.) i6mo, 

Milroy, M. E. W. Home Lace-making 12 mo, *i 00 

Minifie, W. Mechanical Drawing 8vo, *4 00 

Mitchell, C. A., and Prideaux, R. M. Fibres Used in Textile and Allied 

Industries 8vo, 

Modern Meteorology i2mo, 1 50 

Monckton, C. C. F. Radiotelegraphy. (Westminster Series.) 8vo, *2 00 

Monteverde, R. D. Vest Pocket Glossary of English-Spanish, Spanish- 
English Technical Terms 64m©, leather, *i 00 

Moore, E. C. S. New Tables for the Complete Solution of Ganguillet and 

Kutter's Formula 8vo, *5 00 

Moreing, C. A., and Neal, T. New General and Mining Telegraph Code, 8vo, *5 00 

Morgan, A. P. Wireless Telegraph Apparatus for Amateurs i2mo, *i 50 

Moses, A. J. The Characters of Crystals 8vo, *2 00 

Moses, A. J., and Parsons, C. L. Elements of Mineralogy 8vo, *2 5P 
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Moss, S. A. Elements of Gas Engine Design. (Science Series No.i2i.)i6mo, 

The Lay-out of Corliss Valve Gears. (Science Series No. 119.) . i6mo, 

Mullin, J. P. Modern Moulding and Pattern-making 12 mo, 

Munby, A. E. Chemistry and Physics of Building Materials. (Westmin- 
ster Series.) 8vo, 

Murphy, J. G. Practical Mining i6mo, 

Murray, J. A. Soils and Manures. (Westminster Series.) 8vo, 

Naquet, A. Legal Chemistry i2mo, 

Nasmith, J. The Student's Cotton Spinning 8vo, 

Neilson, R. M. Aeroplane Patents 8vo, 

Nerz, F. Searchlights. Trans, by C. Rodgers 8vo, 

Neuberger, H., and Noalhat, H. Technology of Petroleum. Trans, by J. 

G. Mcintosh 8vo, 

Newall, J. W. Drawing, Sizing and Cutting Bevel-gears 8vo, 

Newlands, J. Carpenters and Joiners' Assistant folio, half morocco, 

Nicol, G. Ship Construction and Calculations 8vo, 

Nipher, F. E. Theory of Magnetic Measurements i2mo, 

Nisbet, H. Grammar of Textile Design 8vo, 

Nolan, H. The Telescope. (Science Series No. 51.) i6mo, 

Noll, A. How to Wire Buildings i2mo, 

Nugent, E. Treatise on Optics i2mo, 

O'Connor, H. The Gas Engineer's Pocketbook . i2mo, leather, 

Petrol Air Gas nmo, 

Ohm, G. S., and Lockwood, T. D. Galvanic Circuit. Translated by 

William Francis. (Science Series No. 102.) ... i6mo, 

Olsson, A. Motor Control, in Turret Turning and Gun Elevating. (U. S. 

Navy Electrical Series, No. 1.) i2mo, paper, 

Olsen, J. C. Text-book of Quantitative Chemical Analysis 8vo, 

Oudin, M. A. Standard Polyphase Apparatus and Systems 8vo, 

Palaz, A. Industrial Photometry. Trans, by G. W. Patterson, Jr. . . 8vo, 

Pamely, C. Colliery Manager's Handbook 8vo, *io 00 

Parr, G. D. A. Electrical Engineering Measuring Instruments 8vo, 

Parry, E. J. Chemistry of Essential Oils and Artificial Perfumes .... 8vo, 

Parry, E. J., and Coste, J. H. Chemistry of Pigments 8vo, 

Parry, L. A. Risk and Dangers of Various Occupations 8vo, 

Parshall, H. F., and Hobart, H. M. Armature Windings 4to, 

Electric Railway Engineering 4to, 

Parshall, H. F., and Parry, E. Electrical Equipment of Tramways. . . . (In 

Parsons, S. J. Malleable Cast Iron 8vo, 

Passmore, A. C. Technical Terms Used in Architecture 8vo, 

Patterson, D. The Color Printing of Carpet Yarns 8vo, 

Color Matching on Textiles 8vo, 

The Science of Color Mixing 8vo, 

Patton, H. B. Lecture Notes on Crystallography 8vo, 

Paulding, C. P. Condensation of Steam in Covered and Bare Pipes. 8vo, 

Transmission of Heat through Cold-storage Insulation i2mo, 

Peirce, B. System of Analytic Mechanics 4to, 

Pendred, V. The Railway Locomotive. (Westminster Series.) 8vo, 

Perkin, F. M. Practical Methods of Inorganic Chemistry i2mo, 
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Perrigo, 0. E. Change Gear Devices 8vo, 

Perrine, F. A. C. Conductors for Electrical Distribution 8vo, 

Petit, G. White Lead and Zinc White Paints 8vo, 

Petit, R. How to Build an Aeroplane. Trans, by T. O'B. Hubbard, and 

J. H. Ledeboer 8vo, 

Pettit, Lieut J. S. Graphic Processes. (Science Series No. 76.) . . . i6mo, 

Perry, J. Applied Mechanics 8vo, 

Philbrick, P. H. Beams and Girders. (Science Series No. 88.) . . . i6mo, 

Phillips, J. Engineering Chemistry 8vo, 

Gold Assaying 8vo, 

Dangerous Goods 8vo, 

Phin, J. Seven Follies of Science 12 mo, 

Household Pests, and How to Get Rid of Them 8vo (In Preparation.) 

Pickworth, C. N. The Indicator Handbook. Two Volumes. . 12 mo, each, 

Logarithms for Beginners 12 mo, boards, 

The Slide Rule i2mo, 

Plane Table, The 8vo, 

Plattner's Manual of Blow-pipe Analysis. Eighth Edition, revised. Trans. 

by H. B. Cornwall 8vo, 

Plympton, G. W. The Aneroid Barometer. (Science Series No. 35.) i6mo, 

How to become an Engineer. (Science Series No. 100.) i6mo, 

Van Nostrand's Table Book. (Science Series No. 104.) i6mo, 

Pochet, M. L. Steam Injectors. Translated from the French. (Science 

Series No. 29.) i6mo, 

Pocket Logarithms to Four Places. (Science Series No. 65.) i6mo, 

, leather, 

Pope, F. L. Modern Practice of the Electric Telegraph 8vo, 

Popple well, W. C. Elementary Treatise on Heat and Heat Engines. . i2mo, 

Prevention of Smoke 8vo, 

Strength of Materials 8vo, 

Potter, T. Concrete 8vo, 

Practical Compounding of Oils, Tallow and Grease 8vo, 

Practical Iron Founding i2mo, 

Pray, T., Jr. Twenty Years with the Indicator 8vo, 

Steam Tables and Engine Constant 8vo, 

Calorimeter Tables 8vo, 

Preece, W. H. Electric Lamps (In Press.) 

Prelini, C. Earth and Rock Excavation 8vo, 

Graphical Determination of Earth Slopes 8vo, 

- - - - Tunneling 8vo, 

— Dredging. A Practical Treatise {In Pre**.) 

Prescott, A. B. Organic Analysis 8vo, 

Prescott, A. B., and Johnson, O. C. Qualitative Chemical Analysis. . 8vo, 
Prescott, A. B., and Sullivan, E. C. First Book in Qualitative Chemistry. 

1 2 mo, 
Pritchard, O. G. The Manufacture of Electric-light Carbons 8vo, paper, 
Prost, E. Chemical Analysis of Fuels, Ores, Metals. Trans, by J. C. 

Smith 8vo, *4 50 

Pullen, W. W. F. Application of Graphic Methods to the Design of 

Structures i2mo, *2 50 

Injectors: Theory, Construction and Working nmo, *i 50 



I 


00 


*3 


50 


*i 


5o 


*i 


50 





5o 


*2 


50 


*4 


50 


*2 


50 


3 


50 


*i 


25 


ation.) 


1 


5o 





5o 


1 


00 


2 


00 


*4 


00 





5o 





5o 





5o 





50 





5o 


1 


00 


1 


50 


*3 


00 


*3 50 


*i 


75 


*3 


00 


*3 50 


1 


50 


2 


50 


2 


00 


1 


00 


*3 


00 


*2 


00 


3 


00 


5 


00 


*3 


50 


*i 


50 


*o 


60 



D. VAN NOSTRAND COMPANY'S SHORT TITLE CATALOG i9 

Pulsifer, W. H. Notes. for a History of Lead 8vo, 4 00 

Purchase, W. R. Masonry 12 mo, *3 00 

Putsch, A. Gas and Coal-dust Firing 8vo, *3 00 

Pynchon, T. R. Introduction to Chemical Physics 8vo, 3 00 

Rafter 6. W. Mechanics of Ventilation. (Science Series No. 33.) . i6mo, o 50 

Potable Water. (Science Series No. 103.) i6mo, o 50 

Treatment of Septic Sewage. (Science Series No. 118.) i6mo, o 50 

Rafter, G. W., and Baker, M. N. Sewage Disposal in the United States . 4to, *6 00 

Raikes, H. P. Sewage Disposal Works 8vo, *4 00 

Railway Shop Up-to-Date 4to, 2 00 

Ramp, H. M. Foundry Practice (In Press.) 

Randall, P. M. Quartz Operator's Handbook.*. nmo, 2 00 

Randau, P. Enamels and Enamelling 8vo, *4 00 

Rankine, W. J. M. Applied Mechanics 8vo, 5 00 

Civil Engineering 8vo, 6 50 

Machinery and Millwork 8vo, 5 00 

Rankine, W. J. M. The Steam-engine and Other Prime Movers. 8vo, 5 00 

Useful Rules and Tables 8vo, 4 00 

Rankine, W. J. M., and Bamber, E. F. A Mechanical Text-book. . . . 8vo, 3 50 
Raphael, F. C. Localization of Faults in Electric Light and Power Mains. 

8vo, *3 00 

Rathbone, R. L. B. Simple Jewellery 8vo, *2 00 

Rateau, A. Flow of Steam through Nozzles and Orifices. Trans, by H. 

B. Brydon 8vo, *i 50 

Rausenberger, F. The Theory of the Recoil of Guns 8vo, *4 50 

Rautenstrauch, W. Notes on the Elements of Machine Design, 8vo, boards, *i 50 
Rautenstrauch, W., and Williams, J. T. Machine Drafting and Empirical 

Design. 

Part I. Machine Drafting 8vo, *i 25 

Part n. Empirical Design (In Preparation.) 

Raymond, E. B. Alternating Current Engineering i2mo, *2 50 

Rayner, H. Silk Throwing and Waste Silk Spinning 8vo, *2 50 

Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery Trades . 8vo, *3 50 

Recipes for Flint Glass Making nmo, *4 50 

Redwood, B. Petroleum. (Science Series No. 92.) i6mo, o 50 

Reed's Engineers' Handbook 8vo, *5 00 

Key to the Nineteenth Edition of Reed's Engineers' Handbook . . 8vo, *3 00 

Useful Hints to Sea-going Engineers nmo, 1 50 

Marine Boilers i2mo, 2 00 

Reinhardt, C. W. Lettering for Draftsmen, Engineers, and Students. 

oblong 4to, boards, 1 00 

The Technic of Mechanical Drafting oblong 4to, boards, *i 00 

Reiser, F. Hardening and Tempering of Steel. Trans, by A. Morris and 

H. Robson i2mo, *2 50 

Reiser, N. Faults in the Manufacture of Woolen Goods. Trans, by A. 

Morris and H. Robson 8vo, *2 50 

Spinning and Weaving Calculations 8vo, *5 00 

Renwick, W. G. Marble and Marble Working 8vo, 5 00 

Reynolds, O., and Idell, F. E. Triple Expansion Engines. (Science 

Series No. 99.) i6mo, o 50 
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Rhead, G. F. Simple Structural Woodwork i2mo, *i oo 

Rice, J. M., and Johnson, W. W. A New Method of Obtaining the Differ- 
ential of Functions 12 mo, o 50 

Richardson, J. The Modern Steam Engine 8vo, *3 50 

Richardson, S. S. Magnetism and Electricity 12 mo, *2 00 

Rideal, S. Glue and Glue Testing 8vo, *4 06 

Rings, F. Concrete in Theory and Practice 12 mo, *2 50 

Ripper, W. Course of Instruction in Machine Drawing folio, *6 00 

Roberts, F. C. Figure of the Earth. (Science Series No. 79.) i6mo, o 50 

Roberts, J., Jr. Laboratory Work in Electrical Engineering 8vo, *2 00 

Robertson, L. S. Water-tube Boilers 8vo, 3 00 

Robinson, J. B. Architectural Composition 8vo, *2 50 

Robinson, S. W. Practical Treatise on the Teeth of Wheels. (Science 

Series No. 24.) i6mo, o 50 

Railroad Economics. (Science Series No. 59.) i6mo, o 50 

Wrought Iron Bridge Members. (Science Series No. 60.) i6mo, o 50 

Soebling, J. A. Long and Short Span Railway Bridges folio, 25 00 

Rogers, A. A Laboratory Guide of Industrial Chemistry nmo, *i 50 

Rogers, A., and Aubert, A. B. Industrial Chemistry (In Press.) 

Rogers, F. Magnetism of Iron Vessels. (Science Series No. 30.) . . i6mo, o 50 

Rollins, W. Notes on X-Light .*. . . 8vo, *7 50 

Rose, J. The Pattern-makers' Assistant 8vo, 2 50 

Key to Engines and Engine-running i2mo, 2 50 

Rose, T. K. ' The Precious Metals. (Westminster Series.) 8vo, *2 00 

Rosenhain, W. Glass Manufacture. (Westminster Series.) 8vo, *2 00 

Ross, W. A. Plowpipe in Chemistry and Metallurgy i2mo, *2 00 

Rossiter, J. T. Steam Engines. (Westminster Series.). . . .8vo (In Press.) 

Pumps and Pumping Machinery. (Westminster Series. )..8vo (In Press.) 

Roth. Physical Chemistry 8vo, *2 00 

Rouillion, L. The Economics of Manual Training 8vo, 2 00 

Rowan, F. J. Practical Physics of the Modern Steam-boiler 8vo, 7 50 

Rowan, F. J., and Idell, F. E. Boiler Incrustation and Corrosion. 

(Science Series No. 27.) i6mo, o 50 

Roxburgh, Wo General Foundry Practice 8vo, *3 50 

Ruhmer, E. Wireless Telephony. Trans, by J. Erskine-Murray 8vo, *3 50 

Russell, A. Theory of Electric Cables and Networks 8vo, *3 00 

Sabine, R. History and Progress of the Electric Telegraph i2mo, 1 25 

Saeltzer, A. Treatise on Acoustics i2mo, 1 00 

Salomons, D. Electric Light Installations, nmo. 

Vol. I. The Management of Accumulators 2 50 

Vol. II. Apparatus 2 25 

Vol. III. Applications 1 50 

Sanford, P. G. Nitro-explosives 8vo, *4 00 

Saunders, C. H. Handbook of Practical Mechanics i6mo, 1 00 

leather, 1 25 

Saunnier, C. Watchmaker's Handbook nmo, 3 00 

Sayers, H. M. Brakes for Tram Cars 8vo, *i 25 

Scheele, C. W. Chemical Essays 8vo, *2 00 

Schellen, H. Magneto-electric and Dynamo-electric Machines 8vo, 5 00 

Scherer, R. Casein. Trans, by C. Salter 8vo, *3 00 
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Schmall, C. N. First Course in Analytic Geometry, Plane and Solid. 

i2mo, half leather, 
Schmall, C. N., and Shack, S. M. Elements of Plane Geometry. . . . i2mo, 

Schmeer, L. Flow of Water. 8vo, 

Schumann, F. A Manual of Heating and Ventilation i2mo, leather, 

Schwarz, E. H. L. Causal Geology 8vo, 

Schweizer, V., Distillation of Resins 8vo, 

Scott, W. W. Qualitative Analysis. A Laboratory Manual. 8vo, 

Scribner, J. M. Engineers' and Mechanics' Companion . . . i6mo, leather, 
Searle, G. M. " Sumners' Method." Condensed and Improved. (Science 

Series No. 124.) i6mo, 

Seaton, A. E. Manual of Marine Engineering 8vo, 

Seaton, A. E., and Rounthwaite, H. M. Pocket-book of Marine Engineer- 
ing. i6mo, leather, 3 00 

Seeligmann, T., Torrilhon, G. L., and Falconnet, H. India Rubber and 

Gutta Percha. Trans, by J. G. Mcintosh 8vo, 

Seidell, A. Solubilities of Inorganic and Organic Substances 8vo, 

Sellew, W. H. Steel Rails. 4to (In Press.) 

Senter, G. Outlines of Physical Chemistry nmo, 

Sever, G. F. Electric Engineering Experiments 8vo, boards, 

Sever, G. F., and Townsend, F. Laboratory and Factory Tests in Electrical 

Engineering 8vo, 

Sewall, C. H. Wireless Telegraphy 8vo, 

Lessons in Telegraphy i2mo, 

Sewell, T. Elements of Electrical Engineering 8vo, 

The Construction of Dynamos 8vo, 

Sexton, A. H. Fuel and Refractory Materials i2mo, 

Chemistry of the Materials of Engineering i2mo, 

Alloys (Non-Ferrous) 8vo, 

The Metallurgy of Iron and Steel 8vo, 

Seymour, A. Practical Lithography 8vo, 

— — Modern Printing Inks 8vo, 

Shaw, Henry S. H. Mechanical Integrators. (Science Series No. 83.) 

i6mo, 

Shaw, P. E. Course of Practical Magnetism and Electricity 8vo, 

Shaw, S. History of the Staffordshire Potteries 8vo, 

Chemistry of Compounds Used in Porcelain Manufacture 8vo, 

Sheldon, S., and Hausmann, E. Direct Current Machines 8vo, 

Sheldon, S., Mason, H., and Hausmann, E. Alternating-current Machines. 

8vo, 

Sherer, R. Casein. Trans, by C. Salter 8vo, 

Sherriff, F. F. Oil Merchants' Manual 12 mo, 

Shields, J. E. Notes on Engineering Construction 12 mo, 

Shock, W. H. Steam Boilers 4to, half morocco, 

Shreve, S. H. Strength of Bridges and Roofs 8vo, 

Shunk, W. F. The Field Engineer i2mo, morocco, 

Simmons, W. H., and Apple ton, H. A. Handbook of Soap Manufacture. 

8vo, 

Simms, F. W. The Principles and Practice of Leveling 8vo, 

Practical Tunneling 8vo, 

Simpson, G. The Naval Constructor i2mo, morocco, 
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Sinclair, A. Development of the Locomotive Engine . . . 8vo, half leather, 5 00 

Sindall, R. W. Manufacture of Paper. (Westminster Series.) 8vo, *2 00 

Sloane, T. O'C. Elementary Electrical Calculations 12 mo, 

Smith, C. F. Practical Alternating Currents and Testing 8vo, 

Practical Testing of Dynamos and Motors 8vo, 

Smith, F. E. Handbook of General Instruction for Mechanics. . . . nmo, 
Smith, I. W. The Theory of Deflections and of Latitudes and Departures. 

i6mo, morocco, 

Smith, J. C. Manufacture of Paint. 8vo, 

Smith, W. Chemistry of Hat Manufacturing nmo, 

Snell, A. T. Electric Motive Power 8vo, 

Snow, W. G. Pocketbook of Steam Heating and Ventilation. (In Press.) 
Snow, W. G.,and Nolan, T. Ventilation of Buildings. (Science Series 

No. 5.) i6mo, 

Soddy, F. Radioactivity 8vo, 

Solomon, M. Electric Lamps. (Westminster Series.) 8vo, 

Sothern, J. W. The Marine Steam Turbine 8vo, 

Soxhlet, D. H. Dyeing and Staining Marble. Trans, by A. Morris and 

H. Robson 8vo, 

Spang, H .W. A Practical Treatise on Lightning Protection nmo, 

Spangenburg, L. Fatigue of Metals. Translated by S. H. Shreve. 

(Science Series No. 23.) i6mo, o 50 

Specht, G. J., Hardy, A. S., McMaster, J. B., and Walling. Topographical 

Surveying. (Science Series No. 72.) i6mo, 

Speyers, C. L. Text-book of Physical Chemistry 8vo, 

Stahl, A. W. Transmission of Power. (Science Series No. 28.) . . . 16 mo, 

Stahl, A. W., and Woods, A. T. Elementary Mechanism i2mo, 

Staley, C, and Pierson, G. S. The Separate System of Sewerage. . . .8vo, 

Standage, H. C. Leatherworkers* Manual 8vo, 

Sealing Waxes, Wafers, and Other Adhesives 8vo, 

Agglutinants of all Kinds for all Purposes i2mo, 

Stansbie, J. H. Iron and Steel. (Westminster Series.) 8vo, 

Stevens, H. P. Paper Mill Chemist i6mo, 

Stevenson, J. L. Blast-Furnace Calculations i2mo, leather, 

Stewart, A. Modern Polyphase Machinery i2mo, 

Stewart, G. Modern Steam Traps i2mo, 

Stiles, A. Tables for Field Engineers i2mo, 

Stillman, P. Steam-engine Indicator i2mo, 

Stodola, A. Steam Turbines. Trans, by L. C. Loewenstein 8vo, 

Stone, H. The Timbers of Commerce 8vo, 

Stone, Gen. R. New Roads and Road Laws i2mo, 

Stopes, M. Ancient Plants 8vo, 

The Study of Plant Life 8vo (In Press.) 

Sudborough, J. J., and James, T. C. Practical Organic Chemistry. . i2mo, 

Suflling, E. R. Treatise on the Art of Glass Painting 8vo, 

Swan, K. Patents, Designs and Trade Marks. (Westminster Series.) 

8vo, 

Sweet, S. H. Special Report on Coal 8vo, 

Swinburne, J., Wordingham, C. H., and Martin, T. C. Eletcric Currents. 

(Science Series No. 109.) i6mo, 

Swoope, C. W. Practical Lessons in Electricity i2mo, 
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Tailfer, L. Bleaching Linen and Cotton Yarn and Fabrics 8vo, *5 oo 

Tate, J. S. Surcharged and Different Forms of Retaining-walls. (Science 

Series No. 7.) i6mo, 

Templeton, W. Practical Mechanic's Workshop Companion. 

1 2 mo, morocco, 2 00 
Terry, H. L. India Rubber and its Manufacture. (Westminster Series.) 

8vo, *2 00 

Thom, C, and Jones, W. H. Telegraphic Connections oblong nmo, 1 50 

Thomas, C. W. Paper-makers 1 Handbook (In Press.) 

Thompson, A. B. Oil Fields of Russia 4to, *7 50 

Petroleum Mining and Oil FieH Development 8vo, *5 00 

Thompson, E. P. How to Make Inventions 8vo, o 50 

Thompson, S. P. Dynamo Electric Machines. (Science Series No. 75.) 

i6mo, o 50 

Thompson, W. P. Handbook of Patent Law of All Countries i6mo, 1 50 

Thornley, T. Cotton Combing Machines 8vo, *3 00 

Cotton Spinning. 8vo. 

First Year *i 50 

Second Year *2 50 

Third Year *2 50 

Thurso, J. W. Modern Turbine Practice 8vo, *4 00 

Tidy, C. Meymott. Treatment of Sewage. (Science Series No. 94.). i6mo, o 50 

Tinney, W. H. Gold-mining Machinery 8vo, *5 00 

Titherley, A. W. Laboratory Course of Organic Chemistry 8vo, *2 00 

Toch, M. Chemistry and Technology of Mixed Paints 8vo, *3 00 

Pigments and Artistic Painting i2mo (In Press.) 

Todd, J., and Whall, W. B. Practical Seamanship 8vo, *7 50 

Tonge, J. Coal. (Westminster Series.) 8vo, *2 00 

Townsend, F. Alternating Current Engineering 8vo, boards *o 75 

Townsend, J. Ionization of Gases by Collision *8vo, *i 75 

Transactions of the American Institute of Chemical Engineers. 8vo. 

Vol. I. 1908 *6 00 

Vol. II. 1909 *6 00 

Traverse Tables. (Science Series No. 115.) i6mo, o 50 

morocco, 1 00 
Trinks, W., and Housum, C. Shaft Governors. (Science Series No. 122.) 

i6mo, o 50 

Trowbridge, W. P. Turbine Wheels. (Science Series No. 44.) i6mo, o 50 

Tucker, J. H. A Manual of Sugar Analysis 8vo, 3 50 

Tumlirz, O. Potential. Trans, by D. Robertson i2mo, 1 25 

Tunner, P. A. Treatise on Roll-turning. Trans, by J. B. Pearse. 

8vo, text and folio atlas, 10 00 

Turbayne, A. A. Alphabets and Numerals 4to, 2 00 

Turnbull, Jr., J., and Robinson, S. W. A Treatise on the Compound 

Steam-engine, (Science Series No. 8.) i6mo, 

Turrill, S. M. Elementary Course in Perspective i2mo, *i 25 

Underhill, C. R. Solenoids, Electromagnets and Electromagnetic Wind- 
ings i2mo, *2 00 

Urquhart, J. W. Electric Light Fitting nmo, 2 00 

■ Electro-plating i2mo, 2 00 
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Urquhart, J. W. Electrotyping i2mo, 2 00 

Electric Ship Lighting i2mo, 3 00 

Universal Telegraph Cipher Code nmo, 1 00 

Vacher, F. Food Inspector's Handbook i2mo, *2 50 

Van Nostrand's Chemical Annual. Second issue 1909 i2mo, *2 50 

Year Book of Mechanical Engineering Data. First issue 191 1. . . (In Press.) 

Van Wagenen, T. F. Manual of Hydraulic Mining i6mo, 1 00 

Vega, Baron Von. Logarithmic Tables 8vo, half morocco, 2 50 

Villon, A. M. Practical Treatise on the Leather Industry. Trans, by F. 

T. Addyman 8vo, *io 00 

Vincent, C. Ammonia and its Compounds. Trans, by M. J. Salter . . 8vo, *2 00 

Volk, C. Haulage and Winding Appliances 8vo, *4 00 

Von Georgievics, G. Chemical Technology of Textile Fibres. Trans, by 

C. Salter 8vo, *4 50 

Chemistry of Dyestuffs. Trans, by C. Salter 8vo, *4 50 

Vose, G. L. Graphic Method for Solving Certain Questions in Arithmetic 

and Algebra. (Science Series No. 16.) i6mo, o 50 

Wabner, R. Ventilation in Mines. Trans, by C. Salter 8vo, *4 50 

Wade, E. J. Secondary Batteries 8vo, *4 00 

Wadsworth, C. Primary Battery Ignition i2mo (In Press.) 

Wagner, E. Preserving Fruits, Vegetables, and Meat 12 mo, *2 50 

Walker, F. Aerial Navigation 8vo, 2 00 

Dynamo Building. (Science Series No. 98.) i6mo, o 50 

Electric Lighting for Marine Engineers 8vo, 2 00 

Walker, S. F. Steam Boilers, Engines and Turbines 8vo, 3 00 

Refrigeration, Heating and Ventilation on Shipboard. 

i2mo (In Press.) 

Electricity in Mining 8vo, *3 50 

Steam Boilers, Engines and Turbines 8vo, *3 00 

Walker, W. H. Screw Propulsion 8vo, o 75 

Wallis-Tayler, A. J. Bearings and Lubrication 8vo, *i 50 

Modern Cycles 8vo, 4 00 

Motor Cars 8vo, 1 80 

Motor Vehicles for Business Purposes 8vo, 3 50 

Pocket Book of Refrigeration and Ice Making i2mo, 1 50 

Refrigerating and Ice-making Machinery 8vo, 3 00 

-« — Refrigeration and Cold Storage 8vo, *4 50 

Sugar Machinery i2mo, *2 00 

Wanklyn, J. A. Treatise on the Examination of Milk i2mo, 1 00 

Water Analysis i2mo, 2 00 

Wansbrough, W. D. The A B C of the Differential Calculus i2mo, *i 50 

Slide Valves i2mo, *2 00 

Ward, J. H. Steam for the Million 8vo, 1 00 

Waring, Jr., G. E. Sanitary Conditions. (Science Series No. 31.). . i6mo, o 50 

Sewerage and Land Drainage *6 00 

Modern Methods of Sewage Disposal 12 mo, 2 00 

How to Drain a House i2mo, 1 25 

Warren, F. D. Handbook on Reinforced Concrete nmo, *2 50 
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Watkins, A. Photography. (Westminster Series.). 8vo (In Press.) 

Watson, £. P. Small Engines and Boilers i2mo, i 25 

Watt, A. Electro-plating and Electro-refining of Metals 8vo, *4 50 

Electro-metallurgy i2mo, 1 00 

The Art of Soap-making ! 8vo, 3 00 

Leather Manufacture 8vo, *4 00 

Paper-Making 8vo, 3 00 

Weale, J. Dictionary of Terms Used in Architecture i2mo, 2 50 

Weale's Scientific and Technical Series. (Complete list sent on applica- 
tion.) 

Weather and Weather Instruments i2mo, 1 00 

paper, o 50 

Webb, H. L. Guide to the Testing of Insulated Wires and Cables. . nmo, 1 00 

Webber, W. H. Y. Town Gas. (Westminster Series.) 8vo, *2 00 

Weekes, R. W. The Design of Alternate Current Transformers. . ..i2mo, 1 00 

Weisbach, J. A Manual of Theoretical Mechanics 8vo, *6 00 

sheep, *7 50 

Weisbach, J., and Herrmann, G. Mechanics of Air Machinery 8vo, *3 75 

Weston, E. B. Loss of Head Due to Friction of Water in Pipes . . . i2mo, *i 50 

Weymouth, F. M. Drum Armatures and Commutators 8vo, *3 00 

Wheeler, J. B. Art of War , 12 mo, 1 75 

Field Fortifications i2mo, 1 75 

Whipple, S. An Elementary and Practical Treatise on Bridge Building. 

8vo, 3 00 

Whithard, P. Illuminating and Missal Painting i2mo, 1 50 

Wilcox, R. M. Cantilever Bridges. (Science Series No. 25.) i6mo, o 50 

Wilkinson, H. D. Submarine Cable Laying and Repairing 8vo, *6 00 

Williams, A. D., Jr., and Hutchinson, R. W. The Steam Turbine (In Press.) 

Williamson, R. S. On the Use of the Barometer 4to, 15 00 

Practical Tables in Meteorology and Hypsometery 4to, 2 50 

Willson, F. N. Theoretical and Practical Graphics 4to, *4 00 

Wimperis, H. E. Internal Combustion Engine 8vo, *3 00 

Winchell, N. H., and A. N. Elements of Optical Mineralogy 8vo, *3 50 

Winkler, C, and Lunge, G. Handbook of Technical Gas- Analysis . . .8vo, 4 00 

Winslow, A. Stadia Surveying. (Science Series No. 77.) i6mo, 50 

Wisser, Lieut. J. P. Explosive Materials. (Science Series No. 70.) 

i6mo, o 50 

Modern Gun Cotton. (Science Series No. 89.) i6mo, 50 

Wood, De V. Luminiferous Aether. (Science Series No. 85.) i6mo, o 50 

Woodbury, D. V. Elements of Stability in the Well-proportioned Arch. 

8vo, half morocco, 4 00 
Worden, E. C. The Nitrocellulqse Industry. Two Volumes. 

8vo (In Press.) 

Wright, A. C. Analysis of Oils and Allied Substances 8vo, *3 50 

Simple Method for Testing Painters' Materials 8vo, *2 50 

Wright, H. E. Handy Book for Brewers 8vo, *5 00 

Wright, F. W. Design of a Condensing Plant i2mo, *i 50 

Wright, T. W. Elements of Mechanics 8vo, *2 50 

Wright, T. W., and Hayf ord, J. F. Adjustment of Observations. 8vo, *3 00 

Young, J. E. Electrical Testing for Telegraph Engineers 8vo, *4 00 
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Zahner, R. Transmission of Power. (Science Series No. 40.) .... i6mo, 

Zeidler, J., and Lustgarten, J.s Electric Arc Lamps 8vo, *2 00 

Zeuner, A. Technical Thermodynamics. Trans, by J. F. Klein. Two 

Volumes 8vo, *8 00 

Zimmer, G. F. Mechanical Handling of Material 4to, *io 00 

Zipser, J. Textile Raw Materials. Trans, by C. Salter 8vo, *5 00 

Zur Nedden, F. Engineering Workshop Machines and Processes. Trans. 

by J. A. Davenport 8vo *2 00 
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POCKET BOOK 



pitODp* I1S1 TllTiA^i 



Fo*ter* Pocketbook is the 
busy engineers first assistant. 
When he wants really reliable 
information, he turns to Fos- 
ter to get it for him, and he 
gets it. Foster places before 
him data on the latest and 
best practice in electrical 
engineering with a minimum expenditure of 
time and effort. 

The material in Foster Is logically arranged 
and is indexed in a full table of contents and 
a voluminous index that alone covers sixty pages, 
and to this is added a set of patent thumb index 
tabs that make reference to any section of the 
book practically instantaneous. The index is 
most thorough and reliable. It points right in 
the spot where the information sought is. 

If you ever need information on electricity, 
you ought to have a copy of the new Sixth 
Edition, completely revised and eniargea, wmi 
four- fifths of trie old matter replaced by new, 
up-to-date material, anct containing ail the 
cellent features named above, with 1,636 pages, 
1,128 illustrations and 718 tables. The price is 
$5,00. 
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CIVIL 

ENGINEERS' 

POCKETBOOK 

By ALBERT L FRYE, M. Am. Soc. C E. 

A COMPREHENSIVE treatment of Civil Engineering, in seventy 
sections, compiling about 1,400 pages; with 500 tables and 
1 ,000 illustrations. Also a complete glossary of engineering terms. 

Each main subject receives economic consideration and analysis, and 
is reinforced with excerpts from, and references to the most important 
cost and other data in our leading technical publications — including 
hundreds of illustrations of up-to-date engineering structures and details. 

"I low to design engineering structures economically" has received 
careful study in the preparation of this work. The fundamental prin- 
ciples laid down can be followed readily by every young engineer, and 
carried to practical completion in ihe finished structure. 

Most of the tables are new and have been prepared regardless of 
time and expense. Many of them have been arranged in a novel 
manner which will appeal especially to engineers ; and all have been 
carefully checked and rechecked to eliminate the possibility of errors. 

Graphical methods have been illustrated freely throughout the work, 
in connection with analytical solutions. 

Methods and cost of work have received special attention; and, thus, there 
is crowded into the 1 ,400 pages of text, in small type and in pocketbook 
form, avast amount of engineering data, formulas and tables, that will be 
found absolutely indispensable to every engineer, contractor and student. 

D. Van Nostrand Company, Publisher* 

23 Murray and 27 Warren St.,, NEW YORK 
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